
(fractional 

excretion of sodium, FENa)

(fractional excretion of urea nitrogen, FEUN)

(acute kidney injury, AKI)

FENa<1% FEUN<35%

>1%

(acute tubular necrosis, ATN)

AKI

FENa/FEUN

 

FENa/FEUN

(acute kidney injury)

(fractional excretion of sodium)  

(fractional excretion of urea 

nitrogen, FEUN) (urine microscopy)  

(differential diagnosis)

(serum creatinine, Cr)

(acute kidney injury, AKI)

(prerenal azotemia)

(Acute Tubular Necrosis, ATN)1

2

1976 Espinel
3 (fractional 

excretion of sodium, FENa)

F E N a < 1 % > 1 %

ATN

(fractional excretion of urea nitrogen, FEUN)
4

FENa FEUN

FENa FEUN

FENa FEUN

FENa FENa=

/ 100%
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4

- -

(Renin-Angiotensin-Aldosterone System, 

RAAS)

FENa 1% 5

ATN

RAAS

FENa

1% 2% 3 FEUN

FENa

3

FENa

FENa

AKI
6 CJASN 2022

19 1,287

FENa<1% 15

FENa AKI

90% 82% 6

 

A .  

8 264 CKD

AKI FENa

9 5 % 9 1 % 6

Positive likelihood ratio(PLR) 10.6 negative 

likelihood ratio(NLR) 0.05

FENa 1% ATN

1% ATN
6

B. 

FENa

5 238 FENa

54%(95% CI 31–75%)

80%6 AKI

FENa ATN =46%

CKD 6

511 FENa 66%

FENa

FENa 6

FENa

FENa

FENa

6 FENa

CKD
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FEUN

FEUN FENa

Carvounis 2002

FEUN<35% AKI

FENa<1%
7 AKI

48% FENa <1%

89% FEUN<35%

FEUN FENa
7  

2024

FEUN FENa AKI
8

FEUN<35% FENa<1%

77% vs 89% 80% vs 

79% P >0.4 8

FEUN

FEUN

FENa FEUN ATN

(52% vs 92% P<0.001)

(82% vs 44% P<0.001) 8

FEUN FENa

FENa

ATN

ATN FEUN

ATN

FEUN

FENa

FEUN FENa
8

FENa

FEUN AKI

  FENa >1% AKI 6 

(95% CI)
 

(95% CI)

CKD/ 95% (82–99%) 91% (83–95%)

80% (69–87%) 54% (31–75%)

CKD 83% (64–93%) 66% (51–78%)

90% (81–95%) 82% (70–90%)

Abdelhafez M, Nayfeh T, Atieh A, et al: Diagnostic performance of fractional excretion of 
sodium for the differential diagnosis of acute kidney injury: a systematic review and meta-analysis. Clin J 
Am Soc Nephrol 2022; 17(6): 785-97.6 
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FENa FEUN

FENa FEUN

AKI

FENa

AKI

A. (Confounding Patient 

Factors)

1. (Diuretics) FEUN

(loop diuretics) (thiazide 

diuretics)

FENa 1%

9

FENa>1%

ATN 54%9

(FEUN)

7

89% FEUN<35% 48%

FENa<1% FEUN
7,9

FEUN<35%

AKI ATN
7

FEUN 10

FEUN

79% 33%
10

  FEUN <35%  FENa <1% ATN / 8 

 FENa 89% 79% FEUN
 FEUN 77% 80% –

 FENa 92% 44%
 FEUN 52% 82%

Abdelhafez MO, Alhroob AA, Abu Hawilla MO, et al: Utility of fractional excretion of urea in 
acute kidney injury with comparison to fractional excretion of sodium: a systematic review and meta-analysis. 
Am J Med Sci 2024; 368(3): 224-34.8 
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FEUN 10

2. (Chronic Kidney Disease, CKD)

CKD

(nephron hypertrophy)

CKD

FENa 1%9

CKD AKI

FENa 1%

CKD AKI

FENa ATN
11

3. AKI(Non-oliguric AKI) FENa

AKI

(GFR)

GFR 10%-

20% FENa 1% 9

AKI

FENa 1-2%
10

B. (Challenges in Specific 

Syndromes)

1. FENa

(effective 

arterial blood volume)

(renal perfusion pressure gradient)
12

RAAS

FENa 1% 12

FENa<1%

AKI

(congestive nephropathy) 13

2. 

RAAS
1,7 FENa

1% <0.1% 14 HRS

AKI

(vasoconstrictors) (albumin)

FENa
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HRS

AKI 14,15

3. SA-

AKI

ATN SA-

AKI (endotoxin)

(PAMPs)

(bioenergetic adaptation)

(hyperdynamic state)

16

(heterogeneous)

FENa
10

C. (Pseudo-prerenal States)

(intrinsic AKI)

FENa(<1%)

(contrast-associated 

acute kidney injury, CA-AKI)

(Rhabdomyolysis)

(myoglobin)

FENa/

FEUN 9

(Acute Glomerulonephritis, 

AGN)

GFR

FENa <1% 2,9,10

( E a r l y  U r i n a r y  T r a c t 

Obstruction)

FENa

FENa/FEUN AKI

FENa FEUN

1

A .  ( P r i m a c y  o f 

Clinical Assessment)

3

AKI

NSAIDs aminoglycosides
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ACEi/ARB SGLT2

(Volume Status Assessment)

(jugular venous distention, JVD)

(rales)

(Point-of-Care Ultrasound, POCUS)

(IVC)

B. 

(urine microscopy The liquid biopsy )

AKI

17

( m u d d y  b r o w n 

granular casts, MBGCs) ATN

MBGCs

Tamm-Horsfall

MBGCs

ATN

2022

FENa 270 AKI

  AKI 17

AKI (Etiology) (Characteristic Findings)

(Prerenal Azotemia)
(bland sediment) (Hyaline 

casts)

(ATN)
(Muddy brown granular casts) (Renal 

tubular epithelial cells, RTECs) (RTEC casts)

(AIN)
(WBCs) (WBC casts) (Eosinophils)

Wright’s  Hansel’s stain

(AGN)
(Dysmorphic RBCs) (RBC casts)

Perazella MA, Coca SG, Hall IE, et al. Urine microscopy is associated with severity and 
worsening of acute kidney injury in hospitalized patients. Clin J Am Soc Nephrol 2010; 5(3): 402-8. 17 
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133 MBGCs

38% FENa<1%11

MBGCs ATN

(Positive Predictive Value, PPV)

100%11 FENa<1% ATN

FENa

MBGCs  

1
18

400xg 5

(phase contrast microscopy)

10-20
18

C. 

(Synthesizing Information for Clinical 

Decisions)

AKI

AKI

NGAL -1(Kidney injury 

molecule-1, KIM-1)

-2(TIMP-2)

-7(IGFBP7)

NephroCheck® TIMP-2

IGFBP7 14

19

(turnaround 

time)

(cutoff values)
20

AKI
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FENa FEUN AKI

CKD

1. FENa/

FEUN CKD

2. 

3. 

FENa/FEUN

  AKI

/ /
AKI

&

POCUS

v s
vs

MBGCs RTECs /
RTEC casts

ATN

RBC casts AGN

WBC casts AIN

AKI
FENa/FEUN

A
FENa<1% FEUN <35%

B /
FENa/FEUN

/
HRS FENa/FEUN

HRS
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4. FENa/FEUN

F E N a

<1% AKI

+ 17,21

AKI

1. CR Parikh, SG Mansour: Perspective on 

clinical application of biomarkers in AKI. J 

Am Soc Nephrol 2017; 28(6): 1677-85.

2. RS Brown: Fractional excretion of sodium 

and urea are useful tools in the evaluation of 

AKI: Commentary. Kidney360 2023; 4(6): 

e731-3.

3. CH Espinel :  The FENa tes t :  use  in  the 

differential diagnosis of acute renal failure. 

JAMA 1976; 236(6): 579-81.

4. A H a m a d a h ,  K  G h a r a i b e h :  F r a c t i o n a l 

excretion of sodium and urea are useful tools 

in the evaluation of AKI: Pro. Kidney360 

2023; 4(6): e725-7.

5. S Verma, MM Graham, A Lecamwasam, et al: 

Cardiorenal interactions: a review. CJC Open 

2022; 4(10): 873-85.

6. M Abdelhafez, T Nayfeh, A Atieh, et al: 

D i a g n o s t i c  p e r f o r m a n c e  o f  f r a c t i o n a l 

excretion of sodium for the differential 

diagnosis of acute kidney injury: a systematic 

review and meta-analysis. Clin J Am Soc 

Nephrol 2022; 17(6): 785-97.

7. CP Carvounis, S Nisar, S Guro-Razuman: 

Significance of the fractional excretion of 

urea in the differential diagnosis of acute 

renal failure. Kidney Int 2002; 62(6): 2223-9.

8. MO Abdelhafez ,  AA Alhroob,  MO Abu 

Hawilla, et al: Utility of fractional excretion 

o f  u r e a  i n  a c u t e  k i d n e y  i n j u r y  w i t h 

comparison to fractional excretion of sodium: 

a systematic review and meta-analysis. Am J 

Med Sci 2024; 368(3): 224-34.

9. H  See thapa thy,  AZ Fenves :  F rac t iona l 

excretion of sodium (FENa): an imperfect tool 

for a flawed question. Clin J Am Soc Nephrol 

2022; 17(6): 777-8.

10. AW Aron, JG Amatruda: Fractional excretion 

of sodium and urea are useful tools in the 

evaluation of AKI: Con. Kidney360 2023; 

4(6): e728-30.

11. V Varghese, MS Rivera, A Alalwan, et al: 

Concomitant identification of muddy brown 

granular casts and low fractional excretion 

of urinary sodium in AKI. Kidney360 2022; 

2026 70 6       38



3(4): 627-35.

12. GS Thind,  M Loehrke,  JL Wil t :  Acute 

cardiorenal syndrome: mechanisms and 

clinical implications. Cleve Clin J Med 

2018; 85(3): 231-9.

13. F Husain-Syed, HJ Grone, B Assmus, et al: 

Congestive nephropathy: a neglected entity? 

Proposal for diagnostic criteria and future 

perspectives. ESC Heart Fail 2021; 8(1): 

183-203.

14. JM Belcher, AJ Sanyal, AJ Peixoto, et al: 

Kidney biomarkers and differential diagnosis 

of patients with cirrhosis and acute kidney 

injury. Hepatology 2014; 60(2): 622-32.

15. YHS Gowda, N Jagtap, A Karyampudi, 

et al: Fractional excretion of sodium and 

urea in differentiating acute kidney injury 

phenotypes in decompensated cirrhosis. J 

Clin Exp Hepatol 2022; 12(3): 899-907.

16. H Gomez, JA Kellum: Sepsis-induced acute 

kidney injury. Curr Opin Crit Care 2016; 

22(6): 546-53.

17. MA Perazella, SG Coca, IE Hall,  et al: 

Urine microscopy is associated with severity 

and worsening of acute kidney injury in 

hospitalized patients. Clin J Am Soc Nephrol 

2010; 5(3): 402-8.

18. P Gaggar, SB Raju: Diagnostic utility of 

urine microscopy in kidney diseases. Indian 

J Nephrol 2024; 34(3): 213-21.

19. M Yousef  Almulh im:  The  e ff i cacy  o f 

novel biomarkers for the early detection 

and management of acute kidney injury: a 

systematic review. PLoS One 2025; 20(1): 

e0311755.

20. LS  Chawla, R Bellomo, A Bihorac, et al: 

Acute kidney disease and renal recovery: 

consensus report  of  the Acute Disease 

Quality Initiative (ADQI) 16 Workgroup. 

Nat Rev Nephrol 2017; 13(4): 241-57.

21. SM Bagshaw, C Langenberg, L Wan, et al: 

A systematic review of urinary findings in 

experimental septic acute renal failure. Crit 

Care Med 2007; 35(6): 1592-8. 

2026 70 6       39


