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Stress	Testing

• For	acute	coronary	syndrome	(ACS)	–
• Severity	of	disease	if	often	confirmed	with	
stress	testing
– Does	the	patient	have	a	critical	lesion?
– Treadmill?	Dobutamine?

• Most	common	forms	of	AKI	involve	tubular	
injury
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Tubular	Reserve?











Kidney	Reserve	Testing

• Glomerular	Reserve
– Can	be	tested	with	protein	loading	or	i.v. amino	
acids

• Tubular	Reserve
• Can	be	tested	with	protein	loading	or		i.v. creatinine

• Does	loss	of	reserve	matter?
– Reveals	vulnerability
– Opportunity	to	Intervene
– Examples:	pre-diabetes	and	diminished	FEV1



Furosemide	Induced	
Stress	Test

-Furosemide	is	not	filtered
-Tightly	protein	bound
-Must	be	actively	secreted
by	HOAT
-Secreted	in	S1-S3	segments	of
PCT

For	AKI,	aim	to	test	
tubular	integrity

-specifically	PCT
-S1,	S2,	and	S3
-TAL

Stress	Testing	in	AKI?



Hypothesis

• Renal	tubular	integrity	can	be	tested	with	a	
functional	test

• The	response	or	lack	of	response	to	
furosemide	as	measured	by	urine	output	may	
indicate	severity	of	tubular	injury	before	
serum	creatinine and	urine	output



• The	primary	outcome	was	the	progression	to	AKIN	
stage	III		within	14	days	of	FST

• The	secondary	outcome	was	the	composite	of	
achieving	stage	AKIN	III	or	death	within	14	days	of	the	
FST.





Urine	Output ROC	AUC	(s.e.)
One	Hour 0.82	(0.05)

Two	Hours 0.87	(0.05)

Three	Hours 0.86	(0.05)

Four	Hours 0.86	(0.05)

Five	Hours 0.85	(0.05)

Six	Hours 0.85	(0.05)

Furosemide	Stress	Test	Receiver	Operation	
Characteristics	for	Progression	to	 AKIN	Stage	III



Total	Urine	Output	
over	2	hours

Sensitivity Specificity

<100	ml 90.2% 60.0%

<200	ml 87.1% 84.1%

<300	ml 85.3% 88.0%

<400	ml 66.7% 88.0%

<500	ml 50.5% 88.0%

Sensitivity	and	Specificity	of	Two	Hour	Urine	
Thresholds	for	Progression	to	AKIN	Stage	III	







Key	Points
• The	furosemide	stress	test	(FST)	is	feasible	and	well	tolerated	in	

critically	ill	patients	with	early	AKI.
• The	performance	of	the	FST	to	predict	the	primary	outcome	was	

robust	and	consistent	in	both	cohorts,	with	a	range	in	ROC	AUC	of	
0.82- 0.87.

• Patients	should	be	euvolemic before	undertaking	any	type	of	
furosemide	challenge,	and	that	volume	replacement	is	mandatory	
in	patients	who	are	not	obviously	volume	overloaded.

• FST	should	be	conducted	in	an	appropriate	clinical	setting	where	
UO,	heart	rate,	and	blood	pressure	can	be	monitored	frequently.

• FST	is	a	novel	functional	assessment	of	tubular	function	that	
appears	to	have	good	predictive	capacity	to	identify	those	patients	
that	will	progress	to	advanced	stage	AKI.		Further	validation	
studies	of	the	FST	are	warranted.	



AKI	Diagnostics

• Pre-test	Probability	Schemes	will	improve	the	
performance	of	AKI	biomarkers
– Renal	Angina
– Risk	Biomarker

• AKI	Stress	Testing	Provides	a	Framework	for	
Confirmatory	Testing



FST	and	CKD?



Fibrosis	and	and	Tubular	Function

• Degree	of	Fibrosis	is	one	the	best	predictors	of	
long-term	kidney	survival





Bechtel, Nature Medicine 16, 544–550 (2010) 5 azacytidine



Atubular Glomeruli in CKD
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Fibrosis	and	and	Tubular	Function

• Hypothesis
– Furosemide	secretion	in	patients	with	CKD	is	a	
surrogate	for	tubular	functional	reserve

– Tubular	Functional	Reserve	is	representative	of	the	
degree	fibrosis



Next	Steps

• Validation	of	FST	in	AKI
• Pilot	Studies	of	FST	in	patients	undergoing	
kidney	biopsy

• Pilot	studies	of	use	of	AKI	in	the	prediction	of	
DGF	in	kidney	allograft	transplantation

• FST	in	patients	with	advanced	CKD	– attempt	
to	predict	time	RRT	initiation



Kidney	Stress	Testing

• KST	may	reveal	a	state	of	‘pre-CKD’
• Renal	reserve	testing	in	conjunction	with	
biomarkers	such	as	albuminuria	and	others	
may	allow	early	intervention

• Tubular	stress	testing	may	be	on	benefit	in	
both	AKI	and	CKD	for	predicting	outcomes	and	
informing	clinicians	about	optimal	
intervention


