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INTRODUCTION

1. Acute kidney injury or acute
renal failure (ARF) has been
cited as a major factor that may
contribute to end stage renal
disease (ESRD) in diabetes.

2. Any episode of ARF was risk a2. Any episode of ARF was risk a
factor for chronic Kidney disease
(CKD) stage 4 (HR 3.56)

3. Each ARF episode doubled that
risk [1]
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INTRODUCTION 

(cont.)

4. Aggressive blood pressure –
lowering treatment approaches
with angiotensin converting
enzymes inhibitors (ACEI) andenzymes inhibitors (ACEI) and
angiotensin receptor blockers
(ARB) may contribute to ARF
episodes and enhance CKD
progression

[2] [2] [2] [2] OnuigboOnuigboOnuigboOnuigbo MA, can ACE inhibitor and angiotensin MA, can ACE inhibitor and angiotensin MA, can ACE inhibitor and angiotensin MA, can ACE inhibitor and angiotensin 

receptor blockers be detrimental in CKD patients. receptor blockers be detrimental in CKD patients. receptor blockers be detrimental in CKD patients. receptor blockers be detrimental in CKD patients. 

Nephro Clin Nephro Clin Nephro Clin Nephro Clin PractPractPractPract 2011; 118: C4072011; 118: C4072011; 118: C4072011; 118: C407----19191919
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�Angiotensin Converting Enzyme Inhibitor (ACEI)

Most Common: Lisinopril (70 percent)

� Angiotensin Receptor Blocker (ARB)

Most Common: Valsartan (Diovan)

Intention: Intention: Intention: Intention: To decrease proteinuria and thus reduce Intention: Intention: Intention: Intention: To decrease proteinuria and thus reduce 

the risk of ESRD.

Irony: Irony: Irony: Irony: With prevalent and indiscriminate use of 

ACEI / ARB, the incidence of ESRD has increased 

over the years.

[4]



YearYearYearYear ESRD ESRD ESRD ESRD –––– Dialysis (number of Patients)Dialysis (number of Patients)Dialysis (number of Patients)Dialysis (number of Patients)

1978 14,000

1986 32,000

1991 ACEI entered the market as a renoprotective drug

1994 65,000

1998 75,000

2006 354,754

2011 616,600

2020 Projection: 750,000 Americans will have ESRD
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PURPOSE OF PURPOSE OF PURPOSE OF PURPOSE OF 

PRESENTATIONPRESENTATIONPRESENTATIONPRESENTATION

1.1.1.1.ThisThisThisThis presentationpresentationpresentationpresentation isisisis intendedintendedintendedintended

totototo demonstratedemonstratedemonstratedemonstrate thatthatthatthat ARFARFARFARF isisisis

reversiblereversiblereversiblereversible withwithwithwith appropriateappropriateappropriateappropriate

therapytherapytherapytherapy....therapytherapytherapytherapy....

2.2.2.2. OurOurOurOur aimaimaimaim isisisis totototo determinedeterminedeterminedetermine thethethethe

effectivenesseffectivenesseffectivenesseffectiveness ofofofof sodiumsodiumsodiumsodium

bicarbonatebicarbonatebicarbonatebicarbonate iiiinfusionnfusionnfusionnfusion inininin

reversalreversalreversalreversal ofofofof ARFARFARFARF

[6]



MATERIALS AND MATERIALS AND MATERIALS AND MATERIALS AND 

METHODSMETHODSMETHODSMETHODS

1.1.1.1.AnyAnyAnyAny patientspatientspatientspatients withwithwithwith ARFARFARFARF shouldshouldshouldshould bebebebe
treatedtreatedtreatedtreated withwithwithwith sodiumsodiumsodiumsodium bicarbonatebicarbonatebicarbonatebicarbonate
infusioninfusioninfusioninfusion

2.2.2.2.ARFARFARFARF isisisis defineddefineddefineddefined bybybyby increaseincreaseincreaseincrease ofofofof serumserumserumserum2.2.2.2.ARFARFARFARF isisisis defineddefineddefineddefined bybybyby increaseincreaseincreaseincrease ofofofof serumserumserumserum
creatininecreatininecreatininecreatinine bybybyby moremoremoremore thanthanthanthan 0000....5555 mg/dlmg/dlmg/dlmg/dl
fromfromfromfrom thethethethe baselinebaselinebaselinebaseline....

3.3.3.3.ConcomitantConcomitantConcomitantConcomitant metabolicmetabolicmetabolicmetabolic acidosisacidosisacidosisacidosis andandandand
hyperkalemiahyperkalemiahyperkalemiahyperkalemia areareareare importantimportantimportantimportant
prerequisitesprerequisitesprerequisitesprerequisites totototo thethethethe successsuccesssuccesssuccess ofofofof
bicarbonatebicarbonatebicarbonatebicarbonate infusioninfusioninfusioninfusion....
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METHODS  (cont.)METHODS  (cont.)METHODS  (cont.)METHODS  (cont.)

1111....BicarbonateBicarbonateBicarbonateBicarbonate infusioninfusioninfusioninfusion isisisis preparedpreparedpreparedprepared
bybybyby mixingmixingmixingmixing sodiumsodiumsodiumsodium bicarbonatebicarbonatebicarbonatebicarbonate 50505050,,,,
100100100100 orororor 150150150150 mEQmEQmEQmEQ inininin aaaa literliterliterliter ofofofof
isotonicisotonicisotonicisotonic salinesalinesalinesaline solutionsolutionsolutionsolution ((((0000....9999 %%%%isotonicisotonicisotonicisotonic salinesalinesalinesaline solutionsolutionsolutionsolution ((((0000....9999 %%%%
NaClNaClNaClNaCl),),),), halfhalfhalfhalf normalnormalnormalnormal ((((0000....45454545 %%%% NaClNaClNaClNaCl ))))
orororor 5555%%%% dextrosedextrosedextrosedextrose solutionsolutionsolutionsolution.... WhileWhileWhileWhile
isotonicisotonicisotonicisotonic orororor halfhalfhalfhalf normalnormalnormalnormal salinesalinesalinesaline maymaymaymay
bebebebe preferablepreferablepreferablepreferable inininin diabetics,diabetics,diabetics,diabetics,
5555 %%%% dextrosedextrosedextrosedextrose solutionsolutionsolutionsolution isisisis preferredpreferredpreferredpreferred
inininin nonnonnonnon----diabeticsdiabeticsdiabeticsdiabetics....[8]



METHODS (cont.)METHODS (cont.)METHODS (cont.)METHODS (cont.)

2222.... NoNoNoNo informationinformationinformationinformation onononon infusioninfusioninfusioninfusion raterateraterate
availableavailableavailableavailable.... However,However,However,However, raterateraterate variesvariesvariesvaries
fromfromfromfrom 75757575 totototo 100100100100ml/hourml/hourml/hourml/hour forforforfor 48484848
hourshourshourshours dependingdependingdependingdepending onononon bloodbloodbloodbloodhourshourshourshours dependingdependingdependingdepending onononon bloodbloodbloodblood
pressurepressurepressurepressure levellevellevellevel andandandand severityseverityseverityseverity ofofofof
metabolicmetabolicmetabolicmetabolic acidosisacidosisacidosisacidosis thenthenthenthen atatatat aaaa
reducedreducedreducedreduced raterateraterate forforforfor anotheranotheranotheranother 48484848----72727272
hourshourshourshours untiluntiluntiluntil CCCC02020202 levellevellevellevel (Renal(Renal(Renal(Renal
Panel)Panel)Panel)Panel) reachesreachesreachesreaches nearnearnearnear normalnormalnormalnormal totototo
normalnormalnormalnormal....[9]



Study In Support of 
Bicarbonate Therapy in 

ARF/CKD
OBicarbonate 

supplementation slows 

progression of CKD and 

improves nutritional improves nutritional 

status. Ione de Brito-

Ashurst, et al, J Am Soc 

Nephrol 2009;20: 2075-

2086
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DATA OF PATIENTS ARE DATA OF PATIENTS ARE DATA OF PATIENTS ARE DATA OF PATIENTS ARE 

TESTIMONIAL  TO THAT TESTIMONIAL  TO THAT TESTIMONIAL  TO THAT TESTIMONIAL  TO THAT 

EFFECTEFFECTEFFECTEFFECT.
TableTableTableTable 1111.... SerialSerialSerialSerial LaboratoryLaboratoryLaboratoryLaboratory StudiesStudiesStudiesStudies inininin aaaa 59595959 yearyearyearyear oldoldoldold AfricanAfricanAfricanAfrican AmericanAmericanAmericanAmerican MaleMaleMaleMale withwithwithwith aaaa

longlonglonglong HistoryHistoryHistoryHistory ofofofof DiabetesDiabetesDiabetesDiabetes MellitusMellitusMellitusMellitus.... AdmittedAdmittedAdmittedAdmitted totototo HospitalHospitalHospitalHospital forforforfor AcuteAcuteAcuteAcute RenalRenalRenalRenal FailureFailureFailureFailure

DateDateDateDate 2005200520052005 Glucose Glucose Glucose Glucose 

(F) (F) (F) (F) 

(mg/dl)(mg/dl)(mg/dl)(mg/dl)

BUN (mg/dl)BUN (mg/dl)BUN (mg/dl)BUN (mg/dl) ScrScrScrScr (mEq/L)(mEq/L)(mEq/L)(mEq/L) Na + (mEq/L)Na + (mEq/L)Na + (mEq/L)Na + (mEq/L) K+ (mEq/L)K+ (mEq/L)K+ (mEq/L)K+ (mEq/L) C0² (mEq/L)C0² (mEq/L)C0² (mEq/L)C0² (mEq/L)

Aug 18 302 76 7.4 128 5.9 15

Hospital admission: Lisinopril discontinued

F = Fasting, BUN = blood urea nitrogen, Scr = serum creatinine

Aug 19 274 80 8.2 127 5.0 17 (ph
7.31, base 

excess 7.7)

Normal saline with 3 ampules of sodium bicarbonate infusion started. Regular insulin given subcutaneously

Aug 20 249 68 2.2 133 5.6 18

Aug 21 196 22 0.8 139 4.2 32

Aug 22 186 10 0.8 140 3.8 33

Discharged from hospital
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EFFECT OF SODIUM EFFECT OF SODIUM EFFECT OF SODIUM EFFECT OF SODIUM 
BICARBONATE INFUSION BICARBONATE INFUSION BICARBONATE INFUSION BICARBONATE INFUSION 

REVERSING ARFREVERSING ARFREVERSING ARFREVERSING ARF.
TableTableTableTable 2222 SerialSerialSerialSerial LaboratoryLaboratoryLaboratoryLaboratory StudiesStudiesStudiesStudies inininin aaaa 68686868 yearsyearsyearsyears oldoldoldold CaucasianCaucasianCaucasianCaucasian femalefemalefemalefemale withwithwithwith aaaa

weakness,weakness,weakness,weakness, veryveryveryvery lowlowlowlow BPBPBPBP....

Medication: Lisinopril ; Lisinopril was discontinuedMedication: Lisinopril ; Lisinopril was discontinuedMedication: Lisinopril ; Lisinopril was discontinuedMedication: Lisinopril ; Lisinopril was discontinued

DateDateDateDate

2010201020102010

pHpHpHpH HC03HC03HC03HC03

(mmol/L)(mmol/L)(mmol/L)(mmol/L)

BUNBUNBUNBUN

(mg/dl)(mg/dl)(mg/dl)(mg/dl)

ScrScrScrScr

(mg/dl)(mg/dl)(mg/dl)(mg/dl)

eGFReGFReGFReGFR

(ml/min)(ml/min)(ml/min)(ml/min)

UAUAUAUA

mg/mg/mg/mg/glglglgl

PO4PO4PO4PO4

mg/dLmg/dLmg/dLmg/dL

HbHbHbHb

Nov 7 7.06 6.5 70 7.46 6 10 10.9 13.5

Bicarbonate infusion started, 125 ml/ hour, then at 75ml/hour

Allopurinol 300mg BID x 2 days then 300mg daily x 2 days then 150mg dailyAllopurinol 300mg BID x 2 days then 300mg daily x 2 days then 150mg daily

Nov 9 7.4 18 64 2.87 17 ND ND 9.4

Decreased Bicarbonate infusion to 50ml/hour x 48 hours

Nov 11 ND ND 49 1.43 39 2.9 2.3 9.1

Reduced bicarbonate infusion to 35 ml/h x 24 hours then stopped

Nov 13 ND ND 25 1.09 53 ND 2.8 8.7

Scr=serum creatinine; eGFR = estimated glomerular filtration rate; ND= not done UA=uric 

acid; P04=phosphorus; Hb=hemoglobin; ABG Arterial blood gas
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Date 2010Date 2010Date 2010Date 2010 Na Na Na Na 

(mmol/L)(mmol/L)(mmol/L)(mmol/L)

K+K+K+K+

(mmol/L)(mmol/L)(mmol/L)(mmol/L)

ClClClCl

(mmol/L)(mmol/L)(mmol/L)(mmol/L)

C02C02C02C02

(mmol/L)(mmol/L)(mmol/L)(mmol/L)

Nov 7

13:14 h

22:05 h

125

130

3.8

2.9

93

100

10

15

Nov 9 130 4.0 110 22

Nov 11 143 3.8 116 23

EFFECT OF SODIUM EFFECT OF SODIUM EFFECT OF SODIUM EFFECT OF SODIUM 
BICARBONATE INFUSION BICARBONATE INFUSION BICARBONATE INFUSION BICARBONATE INFUSION 

REVERSING ARFREVERSING ARFREVERSING ARFREVERSING ARF.
Table 3- Serum Electrolytes

Nov 13 144 3.9 110 22

Table 4- Renal Function Test at Baseline and Most Recent

DateDateDateDate Na Na Na Na 

mmol/Lmmol/Lmmol/Lmmol/L

Scr Scr Scr Scr 

(mg/dl)(mg/dl)(mg/dl)(mg/dl)

eGFReGFReGFReGFR

ml/minml/minml/minml/min

C02C02C02C02

(mmol/L(mmol/L(mmol/L(mmol/L

2010 

Sep

132 1.39 40 22

2014

Apr

133 1.21 46 26

Scr= serum creatinine eGFR= estimated glomerular filtration rate
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PEARL OF WISDOMPEARL OF WISDOMPEARL OF WISDOMPEARL OF WISDOM

1.1.1.1. SodiumSodiumSodiumSodium BicarbonateBicarbonateBicarbonateBicarbonate
InfusionInfusionInfusionInfusion forforforfor 3333 totototo 5555 daysdaysdaysdays isisisis
consideredconsideredconsideredconsidered aaaa promisingpromisingpromisingpromising
alternativealternativealternativealternative totototo hemodialysishemodialysishemodialysishemodialysisalternativealternativealternativealternative totototo hemodialysishemodialysishemodialysishemodialysis
inininin therapytherapytherapytherapy ofofofof ARFARFARFARF

2.2.2.2. TryTryTryTry sodiumsodiumsodiumsodium bicarbonatebicarbonatebicarbonatebicarbonate
infusioninfusioninfusioninfusion inininin allallallall casescasescasescases ofofofof ARFARFARFARF

3.3.3.3. ARFARFARFARF doesn’tdoesn’tdoesn’tdoesn’t necessarilynecessarilynecessarilynecessarily
progressesprogressesprogressesprogresses intointointointo CKDCKDCKDCKD....[14]



PEARL OF WISDOMPEARL OF WISDOMPEARL OF WISDOMPEARL OF WISDOM

4444.... VolumeVolumeVolumeVolume overloadoverloadoverloadoverload andandandand
hypertensionhypertensionhypertensionhypertension areareareare unlikelyunlikelyunlikelyunlikely totototo
occuroccuroccuroccur withwithwithwith bicarbonatebicarbonatebicarbonatebicarbonate
infusioninfusioninfusioninfusion....infusioninfusioninfusioninfusion....
5555.... OralOralOralOral supplementationsupplementationsupplementationsupplementation didn’tdidn’tdidn’tdidn’t
increaseincreaseincreaseincrease bloodbloodbloodblood pressurepressurepressurepressure orororor
requirerequirerequirerequire increasedincreasedincreasedincreased dosedosedosedose ofofofof
antihypertensiveantihypertensiveantihypertensiveantihypertensive therapytherapytherapytherapy....
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The good physician treats the disease.The good physician treats the disease.The good physician treats the disease.The good physician treats the disease.The good physician treats the disease.The good physician treats the disease.The good physician treats the disease.The good physician treats the disease.

The great physician treats the patient The great physician treats the patient The great physician treats the patient The great physician treats the patient The great physician treats the patient The great physician treats the patient The great physician treats the patient The great physician treats the patient 

who has the disease.who has the disease.who has the disease.who has the disease.who has the disease.who has the disease.who has the disease.who has the disease.

William OslerWilliam OslerWilliam OslerWilliam OslerWilliam OslerWilliam OslerWilliam OslerWilliam Osler

Dictum

The Cambridge History of MedicineThe Cambridge History of MedicineThe Cambridge History of MedicineThe Cambridge History of MedicineThe Cambridge History of MedicineThe Cambridge History of MedicineThe Cambridge History of MedicineThe Cambridge History of Medicine
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Thank You!
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