
UnderstandingUnderstanding
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AcidAcid--basebase
Strong Ion DifferenceStrong Ion Difference

•• Define cations, anions, strong ionsDefine cations, anions, strong ions

•• Determinants of Acid/Base StatusDeterminants of Acid/Base Status

Weak ion buffer base, Strong ion differenceWeak ion buffer base, Strong ion difference

•• Base Excess, Anion Gap, Strong Ion GapBase Excess, Anion Gap, Strong Ion Gap

•• Treatment GuidelinesTreatment Guidelines

•• Metabolic acidMetabolic acid--base controlbase control

•• Metabolic acidosisMetabolic acidosis

•• Metabolic alkalosisMetabolic alkalosis



Acid Base measurementsAcid Base measurements
Arterial vs. Venous sampleArterial vs. Venous sample

1818DextroseDextrose

23.423.4TCOTCO22

21.521.5HCOHCO33

-- 7.37.3BEBE--BB

28.428.4PPO2O2

59.859.8PPCO2CO2

7.1627.162pHpH

Venous bloodVenous bloodSourceSource

5050

16.616.6

15.715.7

-- 7.87.8

92.892.8

28.528.5

7.3477.347

Arterial bloodArterial blood



Cations and AnionsCations and Anions

•• CationsCations
NaNa++ , K, K++ , Ca, Ca++ ,++ , MgMg++++,, HH++

•• AnionsAnions
ClCl--, Lac, Lac--

HgbHgb, Alb, P, Alb, Pii,,

KetonesKetones, SO, SO44
22--

Fatty acids, aspirate, glutamateFatty acids, aspirate, glutamate

HCO3HCO3--



Cations/AnionsCations/Anions
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Strong IonsStrong Ions

•• Any ion which cannot combine with other ionsAny ion which cannot combine with other ions
It is always freeIt is always free
Disassociated at physiologic pHDisassociated at physiologic pH
Always contributes a chargeAlways contributes a charge

•• NaNa++, K, K++, Cl, Cl--

•• Not HCO3Not HCO3--

Weak ionWeak ion
HCOHCO33

-- + H+ H++ →→ HH22COCO33 →→ COCO22 + H+ H22OO
Loses its chargeLoses its charge

•• Lactate is a strong ionLactate is a strong ion
Completely disassociated at physiologic pHCompletely disassociated at physiologic pH



Determinants of Acid/Base StatusDeterminants of Acid/Base Status

•• COCO22 ((PcoPco22))

•• Nonvolatile weak ion acid bufferNonvolatile weak ion acid buffer

(A(ATOTTOT))

•• Strong Ion Difference (SID)Strong Ion Difference (SID)



Weak Ion Acid BufferWeak Ion Acid Buffer
(Buffer Base)(Buffer Base)

•• Buffer takes up or releases HBuffer takes up or releases H++

in physiologic range of pH changesin physiologic range of pH changes

•• Weak acid bufferWeak acid buffer
VolatileVolatile

NonvolatileNonvolatile

•• Volatile buffer HCOVolatile buffer HCO33
--

Weak ionWeak ion -- can take a Hcan take a H++

Cannot buffer COCannot buffer CO22 (itself)(itself)
•• Not prevent acidNot prevent acid--base changes caused by CObase changes caused by CO22

•• HCOHCO33
-- is not independentis not independent



Nonvolatile Weak Ion Acid BufferNonvolatile Weak Ion Acid Buffer

•• AATotalTotal = A= A-- + AH+ AH
HemoglobinHemoglobin

AlbuminAlbumin

Inorganic phosphatesInorganic phosphates

•• AA-- changes with SID & Pcochanges with SID & Pco22 –– dependentdependent

•• AATotalTotal not changenot change –– independentindependent

•• Good buffersGood buffers
Even at extremes of concentrationsEven at extremes of concentrations

•• There's no single dissociation constantThere's no single dissociation constant
Large number of buffering sitesLarge number of buffering sites

Most effective near normal pHMost effective near normal pH



Nonvolatile Weak Acid BufferNonvolatile Weak Acid Buffer

•• AATotalTotal ==
In plasmaIn plasma –– Albumin + PAlbumin + Pii ++ SOSO44

In RBCIn RBC –– HbHb + P+ Pii

•• Estimate AEstimate A--

Using only total proteinUsing only total protein
Using albumin & POUsing albumin & PO44

22--

•• AA-- = 0.2 (albumin) + 1.55 (Pi)*= 0.2 (albumin) + 1.55 (Pi)*
pH < 7.35pH < 7.35

•• AA-- = pH [(0.116 X albumin) + (1.3 X Pi)]= pH [(0.116 X albumin) + (1.3 X Pi)] –– (0.583 X(0.583 X
albumin)albumin) –– (3.98 X Pi)*(3.98 X Pi)*

* Albumin in g/L, Pi in mmol/L* Albumin in g/L, Pi in mmol/L



Cations/AnionsCations/Anions
Weak Ion Acid BufferWeak Ion Acid Buffer
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•• As independent factors changeAs independent factors change
COCO22, SID, A, SID, ATotalTotal

•• ““++”” == ““--””
Charges must remain balancedCharges must remain balanced

•• Dependent factors adjustDependent factors adjust
To keep charge balanced and maintain pHTo keep charge balanced and maintain pH

AA-- + H+ H++ AHAH

HH++ + HCO+ HCO33
-- COCO22 + H+ H22OO

Acid/Base BalanceAcid/Base Balance



SID (Strong Ion Difference)SID (Strong Ion Difference)

•• Old conceptOld concept -- new namenew name

Is Buffer BaseIs Buffer Base

Change from normal = BE (Standard BE)Change from normal = BE (Standard BE)

•• Strong ionsStrong ions

Lactate, Hydroxybutyrate, SOLactate, Hydroxybutyrate, SO44
22-- , Na, Na++, K, K++, Cl, Cl--

SID = (NaSID = (Na++ + K+ K++ + Ca+ Ca++++ + Mg+ Mg++++)) –– (Cl(Cl-- + Lac+ Lac--))

SID = HCO3SID = HCO3-- + A+ A--

SID = 40SID = 40--42 (ICU patients = 30)42 (ICU patients = 30)

SID = (Na+ + K+ + Ca++)SID = (Na+ + K+ + Ca++) –– (Cl + Lac)(Cl + Lac)



Cations/AnionsCations/Anions
SIDSID
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Base ExcessBase Excess

•• DefinitionDefinition

Blood gas measured pH and PBlood gas measured pH and Pco2co2

If adjust PIf adjust Pco2co2 = 40= 40

•• pH will changepH will change

If adjusted pHIf adjusted pH ≠≠ 7.407.40

•• Amount of added base needed to pH = 7.40Amount of added base needed to pH = 7.40

•• It eliminates the respiratory componentIt eliminates the respiratory component

•• It defines the metabolic derangementIt defines the metabolic derangement

Causing the abnormal pHCausing the abnormal pH



Base ExcessBase Excess

•• Base excess =Base excess =
Change in AChange in A-- + HCO+ HCO33

-- from normalfrom normal

Change in SID from normalChange in SID from normal

•• + BE = metabolic alkalosis+ BE = metabolic alkalosis

•• -- BE = metabolic acidosisBE = metabolic acidosis

•• BE =BE = SIDexSIDex

•• BE from ABG machineBE from ABG machine
Calculation assumesCalculation assumes

•• AATOTTOT = blood with= blood with HbHb of 5 g/dl and Pof 5 g/dl and Pco2co2 = 40= 40



BEBE
Hyperchloremic AcidosisHyperchloremic Acidosis
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Standard Base ExcessStandard Base Excess

•• If hemoglobin = 1 g/dlIf hemoglobin = 1 g/dl –– error only 3error only 3 mMmM

•• If PcoIf Pco22 = 100= 100 –– error only 3error only 3 mMmM

•• Patients with varying protein bufferPatients with varying protein buffer concconc

Respond similarly to abnormalities of acidRespond similarly to abnormalities of acid--basebase

•• SBE = SID change required to produceSBE = SID change required to produce

pH = 7.4 at PacopH = 7.4 at Paco22 = 40 with the prevailing A= 40 with the prevailing ATOTTOT

AmountAmount ↑↑PPNaNa (with Na bicarbonate) to correct(with Na bicarbonate) to correct



Cations/AnionsCations/Anions
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Anion GapAnion Gap

•• NaNa++ + K+ K++ = Cl= Cl-- + HCO3+ HCO3-- + A+ A--

•• AG = (NaAG = (Na++ + K+ K++)) –– (Cl(Cl-- ++ HCO3HCO3--))

AG = AAG = A-- = ionized albumin + P= ionized albumin + Pii
--

•• Normal AG range is largeNormal AG range is large

Because albumin + PBecause albumin + Pii range largerange large

HypoproteinemiaHypoproteinemia -- normal AG with lactic acidosisnormal AG with lactic acidosis

•• Usually measured in venous bloodUsually measured in venous blood

With TcoWith Tco22 used to estimated HCOused to estimated HCO33



H+

Cations/AnionsCations/Anions
Anion GapAnion Gap
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Anion Gap AcidosisAnion Gap Acidosis
ArtifactsArtifacts

•• DehydrationDehydration
Concentrating all ionsConcentrating all ions

•• Na saltsNa salts
High doses Na penicillin (betaHigh doses Na penicillin (beta lactamslactams))
Na lactateNa lactate
Na acetateNa acetate

•• Decreased unmeasured cationsDecreased unmeasured cations
↓↓MgMg
↓↓CaCa

•• HypoalbuminemiaHypoalbuminemia
SevereSevere
↓↓AG by 2.5AG by 2.5--3 mEq/l for each 1 g/dl3 mEq/l for each 1 g/dl

decreasedecrease



Anion Gap AcidosisAnion Gap Acidosis
ArtifactsArtifacts

•• Respiratory and metabolic alkalosisRespiratory and metabolic alkalosis

↑↑33--10 mEq/liter in apparent AG10 mEq/liter in apparent AG

•• Parenteral nutritionParenteral nutrition

Formulas with acetateFormulas with acetate

•• Multiple blood transfusionsMultiple blood transfusions

Increased citrateIncreased citrate

Large volumesLarge volumes

•• Unidentified cationsUnidentified cations



Corrected Anion GapCorrected Anion Gap

•• ICU patientICU patient
Albumin and PAlbumin and Pii not normalnot normal
Unmeasured anions which make normal gapUnmeasured anions which make normal gap

•• As long as pH < 7.35As long as pH < 7.35
"Normal" AG"Normal" AG

•• AA-- = 0.2 (albumin) + 1.55 (Pi)*= 0.2 (albumin) + 1.55 (Pi)*
pH < 7.35pH < 7.35

•• OrOr
•• AA-- = pH [(0.116 X albumin) + (1.3 X Pi)]= pH [(0.116 X albumin) + (1.3 X Pi)] –– (0.583 X(0.583 X

albumin)albumin) –– (3.98 X Pi)*(3.98 X Pi)*

* Albumin in g/L, Pi in mmol/L* Albumin in g/L, Pi in mmol/L



Strong Ion DifferenceStrong Ion Difference
vs. Anion Gapvs. Anion Gap

•• Strong Ion DifferenceStrong Ion Difference

SID = (NaSID = (Na++ + K+ K++ + Ca+ Ca++++ + Mg+ Mg++++)) –– (Cl(Cl-- + Lac+ Lac--))

•• Anion GapAnion Gap

AG = (NaAG = (Na++ + K+ K++)) –– (Cl(Cl-- ++ HCO3HCO3--))



Strong Ion Gap (SIG)Strong Ion Gap (SIG)

•• SID effectiveSID effective
= A= A-- + HCO+ HCO33

--

== SIDeSIDe

•• SID apparentSID apparent
= (Na= (Na++ + K+ K++ + Ca+ Ca++++ + Mg+ Mg++++)) –– (Cl(Cl-- + Lac+ Lac--))

== SIDaSIDa

= 40= 40--42 (healthy human)42 (healthy human)

•• SIDeSIDe == SIDaSIDa
If not there are unmeasured ionsIf not there are unmeasured ions

Difference is SIGDifference is SIG



SID

Metabolic AcidosisMetabolic Acidosis
Increase in Unidentified AnionsIncrease in Unidentified Anions
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Metabolic AlkalosisMetabolic Alkalosis
Unidentified Cation AlkalosisUnidentified Cation Alkalosis
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Strong Ion Gap (SIG)Strong Ion Gap (SIG)

•• SIG =SIG = SIDeSIDe –– SIDaSIDa

•• SIG < 0SIG < 0 –– unmeasured anionsunmeasured anions
SepsisSepsis

Liver diseaseLiver disease

•• Liver clears unmeasured anionsLiver clears unmeasured anions

•• With sepsis, failureWith sepsis, failure →→ liver releases anionsliver releases anions

If lactate is not part ofIf lactate is not part of SIDaSIDa

•• Most common cause of SIG > 0Most common cause of SIG > 0

•• Lactate mmol/l = SIGLactate mmol/l = SIG

•• SIG > 0SIG > 0 –– increased unidentifiedincreased unidentified cationscations

•• SIG does not change withSIG does not change with
pH changespH changes

Changes in albuminChanges in albumin





Metabolic AcidosisMetabolic Acidosis

•• Metabolic acidosisMetabolic acidosis

↓↓ SIDSID →→ Results inResults in ↑↑ free H+free H+ →→ acidosisacidosis

•• ↓↓ SIDSID

↑↑ Organic acidsOrganic acids –– ↑↑Lactate,Lactate, ↑↑KetonesKetones

Loss of cationsLoss of cations –– diarrheadiarrhea

Mishandling of ionsMishandling of ions ---- renal tubular acidosisrenal tubular acidosis

Addition of exogenous ionsAddition of exogenous ions ---- iatrogenic,iatrogenic,
poisoningpoisoning

•• Treat metabolic acidosisTreat metabolic acidosis

↑↑ NaNa++ >> ↑↑ClCl-- e.g. NaHCO3e.g. NaHCO3



MetabolicMetabolic AlkalosisAlkalosis

•• Metabolic alkalosisMetabolic alkalosis
↑↑SIDSID →→ Results inResults in ↓↓ free H+free H+ →→ alkalosisalkalosis

•• ↑↑SIDSID
Loss of anions > cationsLoss of anions > cations
DiureticsDiuretics
Renal diseaseRenal disease

•• TreatmentTreatment
cations > anionscations > anions
Replacing ClReplacing Cl-- e.g. NaCl,e.g. NaCl, KClKCl,, HClHCl
Cl resistant alkalosisCl resistant alkalosis

•• Only because of ongoing renal loss of ClOnly because of ongoing renal loss of Cl -- RTARTA
•• HyperaldosteronismHyperaldosteronism



PathophysiologyPathophysiology
Disorders of acidDisorders of acid--base balancebase balance

•• AcidAcid--base abnormalitiesbase abnormalities

Only occur with failure to compensateOnly occur with failure to compensate

•• Disorders primary regulating organsDisorders primary regulating organs

•• Exogenous drugs/fluidsExogenous drugs/fluids

Alter ability to maintain acidAlter ability to maintain acid--base balancebase balance

•• Abnormal metabolismAbnormal metabolism

Overwhelms ability of defense mechanismsOverwhelms ability of defense mechanisms

•• SID is regulated by the kidneys/GI tractSID is regulated by the kidneys/GI tract



AcidAcid--Base BalanceBase Balance
Renal RegulationRenal Regulation

•• Renal excretion strong ionsRenal excretion strong ions
Most reabsorbed automaticallyMost reabsorbed automatically

Only able to excrete small amounts per minOnly able to excrete small amounts per min

Thus it takes hours for a renal responseThus it takes hours for a renal response

•• DietDiet –– similar ratios of strong cations/anionssimilar ratios of strong cations/anions
Sufficient Cl available to filterSufficient Cl available to filter

If not reabsorbedIf not reabsorbed –– ↑↑SIDSID

•• Cl excretionCl excretion –– primary regulating mechanismprimary regulating mechanism
Na/K handlingNa/K handling –– other prioritiesother priorities –– not acidnot acid--basebase



PathophysiologyPathophysiology
The KidneyThe Kidney -- Urine pHUrine pH

•• Independent of plasma pHIndependent of plasma pH

•• Independent of renal "acid" excretionIndependent of renal "acid" excretion

•• pH = amt HpH = amt H++

Not amt NHNot amt NH44
++

Not amt otherNot amt other ““fixed acidsfixed acids””

Can have high rate acid excretionCan have high rate acid excretion

•• But alkaline urine pHBut alkaline urine pH



PathophysiologyPathophysiology
AmmoniagenesisAmmoniagenesis

•• Excrete ClExcrete Cl-- without Nawithout Na++ or Kor K++ -- regulate SIDregulate SID

As ClAs Cl--NHNH44
++

•• RenalRenal--Hepatic InteractionHepatic Interaction

NHNH44
++ –– coco --excretion with Clexcretion with Cl--

NHNH44
++ produced in the kidney and liverproduced in the kidney and liver



PathophysiologyPathophysiology
AmmoniagenesisAmmoniagenesis

•• HepaticHepatic glutaminogenesisglutaminogenesis

Stimulated by acidosisStimulated by acidosis

•• Nitrogen metabolism in liverNitrogen metabolism in liver

→→ Urea, glutamine, (NHUrea, glutamine, (NH44
++))

GlutamineGlutamine →→ kidneykidney →→ ↑↑NHNH44
++ →→ ↑↑ClCl-- excretionexcretion

↑↑GlutamineGlutamine →→ alkalosis byalkalosis by ↓↓ClCl-- relative to Narelative to Na++



PathophysiologyPathophysiology
AmmoniagenesisAmmoniagenesis

•• HepatocyteHepatocyte with urea production capacitywith urea production capacity

Closer to portal veinCloser to portal vein

GI tract NHGI tract NH44
++ →→ urea firsturea first

Acidosis inhibits urea formationAcidosis inhibits urea formation

•• NHNH44
++ to glutamine producing cellsto glutamine producing cells →→

↑↑Glutamine productionGlutamine production →→

•• KidneyKidney →→ NHNH44
++ →→ ↑↑ClCl-- lossloss →→ compensatorycompensatory AlkAlk



PathophysiologyPathophysiology
Gastrointestinal tractGastrointestinal tract

•• Important cause of acidImportant cause of acid--base imbalancebase imbalance

•• StomachStomach –– ClCl-- pumped out of plasmapumped out of plasma →→

↓↓SID in gastric juicesSID in gastric juices →→ acidacid

↑↑SID in plasmaSID in plasma →→ "Alkaline tide" with meal"Alkaline tide" with meal

•• DuodenumDuodenum –– ClCl-- is reabsorbedis reabsorbed →→

Return SID of plasmaReturn SID of plasma

•• RefluxReflux →→ loss of Clloss of Cl-- →→ alkalosis (alkalosis (↑↑SID)SID)

•• PancreasPancreas ---- fluid hasfluid has ↑↑SID (SID (↓↓ClCl--)) →→

PlasmaPlasma ↓↓SIDSID →→ peaks after meal (counter act alkaline tide)peaks after meal (counter act alkaline tide)

If refluxIf reflux →→ plasma remains acidotic (plasma remains acidotic (↓↓SIDSID –– ↑↑ClCl--))



PathophysiologyPathophysiology
Gastrointestinal tractGastrointestinal tract

•• ColonColon ---- fluidfluid ↑↑SIDSID

Most of ClMost of Cl-- removed in small intestineremoved in small intestine

Na+/K+ left in lumenNa+/K+ left in lumen

Should absorb Na+ and waterShould absorb Na+ and water

•• If diarrheaIf diarrhea →→ lose Nalose Na++/K/K++ relative to Clrelative to Cl-- →→ acidosisacidosis

•• Can GI tract compensated in acidosis/alkalosis??Can GI tract compensated in acidosis/alkalosis??

Not been studiedNot been studied

Endotoxemia may remove anionsEndotoxemia may remove anions →→

•• ↑↑SID in plasmaSID in plasma →→ ↑↑alkalosisalkalosis



Clinical Effects OfClinical Effects Of
Metabolic AcidosisMetabolic Acidosis

•• Brief exposure to acidosis wellBrief exposure to acidosis well toleratedtolerated
ExerciseExercise -- pH < 7.15, lactate > 20pH < 7.15, lactate > 20 mEqmEq/liter/liter

•• Chronic mild acidosis (pH < 7.35)Chronic mild acidosis (pH < 7.35)
Metabolic bone diseaseMetabolic bone disease

Protein catabolismProtein catabolism

•• Critically ill patientsCritically ill patients
Not tolerate even brief acidosisNot tolerate even brief acidosis

•• Metabolic acidosis patientsMetabolic acidosis patients
Poorer outcome than respiratory acidosisPoorer outcome than respiratory acidosis

Cause more important than degree of acidosisCause more important than degree of acidosis

EpiphenomenonEpiphenomenon



Potential Clinical Effects ofPotential Clinical Effects of
Metabolic AcidosisMetabolic Acidosis

•• CardiovascularCardiovascular

↓↓InotropyInotropy

Conduction defectsConduction defects

Arterial vasodilationArterial vasodilation

Venous vasoconstrictionVenous vasoconstriction

•• 0022 DeliveryDelivery

↓↓OxyhemoglobinOxyhemoglobin bindingbinding

↓↓ 2,32,3--DPG (late)DPG (late)

•• ElectrolytesElectrolytes

↑↑K,K, ↑↑CaCa

HyperuricemiaHyperuricemia



Potential Clinical Effects ofPotential Clinical Effects of
Metabolic AcidosisMetabolic Acidosis

•• NeuromuscularNeuromuscular

Respiratory depressionRespiratory depression

DecreasedDecreased sensoriumsensorium

•• MetabolismMetabolism

Protein wastingProtein wasting

Bone demineralizationBone demineralization

Insulin resistanceInsulin resistance

Catecholamine stimulationCatecholamine stimulation

PTH stimulationPTH stimulation

Aldosterone stimulationAldosterone stimulation



ICU PatientsICU Patients
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Metabolic AcidosisMetabolic Acidosis

•• ICU patients SID = 30ICU patients SID = 30

Less reserveLess reserve

↑↑LacLac-- oror ↑↑NaCl treatmentNaCl treatment →→ more effectmore effect

Have lower SID without evidence of acidosisHave lower SID without evidence of acidosis

2ndary to2ndary to ↓↓albalb →→ ↓↓AA--

No compensatoryNo compensatory ↓↓Pco2 for other reasonsPco2 for other reasons

So mustSo must ↓↓SID to maintain the pHSID to maintain the pH

•• ↓↓SIDSID →→ ↓↓pH not linearpH not linear

As SID < 20As SID < 20 →→ greatergreater ↓↓pHpH

As SID approaches 20As SID approaches 20 →→ small insultsmall insult ↓↓↓↓↓↓pHpH



Metabolic AcidosisMetabolic Acidosis
Strong ion acidosisStrong ion acidosis

•• Lactic acidosisLactic acidosis

•• HyperchloremicHyperchloremic

acidosisacidosis



Lactic AcidosisLactic Acidosis
• Cardinal sign of septic shock

Synonymous with hypoperfusion

Mistakenly used as a gauge of perfusion

• Common in septic patients
With good perfusion



Source of Lactate in SepsisSource of Lactate in Sepsis

•• Septic shockSeptic shock
Increase ATP requirementIncrease ATP requirement

Anaerobic metabolismAnaerobic metabolism

Rapid increase lactate levelsRapid increase lactate levels

•• Sepsis without shockSepsis without shock
““StressStress”” lactic acidosislactic acidosis

Cytokine mediatedCytokine mediated
•• ILIL--1beta, IL1beta, IL--6 and TNF alpha6 and TNF alpha
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Lactate SourcesLactate Sources
•• Tissue HypoxiaTissue Hypoxia

Hypodynamic shockHypodynamic shock

Organ ischemiaOrgan ischemia

•• HypermetabolismHypermetabolism

Increased aerobic glycolysisIncreased aerobic glycolysis

Increased protein catabolismIncreased protein catabolism

Increased muscle activityIncreased muscle activity –– shiveringshivering

•• Decreased Clearance of LactateDecreased Clearance of Lactate

ShockShock –– poor liver perfusionpoor liver perfusion

CytokineCytokine--mediatedmediated

Liver failureLiver failure

•• Inhibition of Pyruvate DehydrogenaseInhibition of Pyruvate Dehydrogenase

•• Activation of Inflammatory CellsActivation of Inflammatory Cells



Source of Lactate in SepsisSource of Lactate in Sepsis

• Pyruvate dehydrogenase block
Cytokine downCytokine down--regulationregulation

Relative thiamine deficiencyRelative thiamine deficiency

Forces glucoseForces glucose →→ lactate productionlactate production

•• SIRS HypermetabolismSIRS Hypermetabolism
Increase cellular glucose uptakeIncrease cellular glucose uptake

Stress hormone mediatedStress hormone mediated

•• EpinephrineEpinephrine

CytokineCytokine--mediated modulation of glucose transportermediated modulation of glucose transporter
•• ↑↑ synthesissynthesis

•• ↑↑ activityactivity

•• ↑↑ distributiondistribution

↑↑ glucose entry into cellsglucose entry into cells

•• Mass actionMass action →→ ↑↑ glycolyticglycolytic fluxflux →→ ↑↑lactate productionlactate production



Source of Lactate in SepsisSource of Lactate in Sepsis

•• Phagocytes major cellular sourcePhagocytes major cellular source

Required energy for respiratory burstRequired energy for respiratory burst

Occurs where macrophages are activeOccurs where macrophages are active

•• Damaged organ or site of traumaDamaged organ or site of trauma

•• Liver, spleen, gut, lung, woundLiver, spleen, gut, lung, wound

•• Decreased hepatic lactate clearanceDecreased hepatic lactate clearance

Sepsis impairs liver clearanceSepsis impairs liver clearance



Lactate AccumulationLactate Accumulation
Epinephrine SurgeEpinephrine Surge

••After injury, in sepsis, at birthAfter injury, in sepsis, at birth

••StimulatesStimulates NaNa++:K:K++ ATPaseATPase

↑↑↑↑Aerobic glycolysisAerobic glycolysis →↑→↑lactate productionlactate production

Coupled toCoupled to NaNa++:K:K++ ATPaseATPase activity in muscleactivity in muscle

•• At rest , < 10% of its totalAt rest , < 10% of its total NaNa++:K:K++ ATPaseATPase

MaintainMaintain Na:KNa:K gradientsgradients



Lactate AccumulationLactate Accumulation
Epinephrine SurgeEpinephrine Surge

•• ↑↑ActivityActivity NaNa++:K:K++ ATPaseATPase

↑↑Lactate productionLactate production

•• Under wellUnder well--oxygenated conditionsoxygenated conditions

One cause ofOne cause of ↓↓KK

•Inhibition of β2-adrenoreceptors

Prevents muscle associated lactate increasePrevents muscle associated lactate increase

Confirms mechanism Epinephrine increase lactateConfirms mechanism Epinephrine increase lactate

••Epinephrine results inEpinephrine results in

LactatemiaLactatemia

HypokalemiaHypokalemia



Lactate AccumulationLactate Accumulation
Clearance by TissuesClearance by Tissues

•• LiverLiver
Large capacity for lactate removalLarge capacity for lactate removal

•• Other organsOther organs
KidneysKidneys
GI tractGI tract
MusclesMuscles

•• Lactate clearance reduced byLactate clearance reduced by
SepsisSepsis
AlkalosisAlkalosis
Acidosis (pH < 7.20)Acidosis (pH < 7.20)
Liver failureLiver failure



HyperlactatemiaHyperlactatemia
without acidemiawithout acidemia

•• Large quantities of Na lactate administeredLarge quantities of Na lactate administered
Alkalemia occurs as lactate is metabolizedAlkalemia occurs as lactate is metabolized

•• Chronic lactate accumulationChronic lactate accumulation
Chloride ions move out of the vascular spaceChloride ions move out of the vascular space

Compensatory increase SIDCompensatory increase SID

•• EndogenousEndogenous hyperlactatemiahyperlactatemia
Initially always associated acidosisInitially always associated acidosis

Normal pH or alkalosisNormal pH or alkalosis
•• Suggests relativeSuggests relative chronicitychronicity

•• Hypochloremic increase SIDHypochloremic increase SID



Lactic AcidemiaLactic Acidemia

•• Nonspecific marker of hypoperfusionNonspecific marker of hypoperfusion

•• Important marker of tissue distressImportant marker of tissue distress

MalmetabolismMalmetabolism



Lactate LevelsLactate Levels
HypoperfusionHypoperfusion

•• TraditionallyTraditionally
Increased blood lactate = hypoxia/hypoperfusionIncreased blood lactate = hypoxia/hypoperfusion
Tissue hypoxiaTissue hypoxia →→ MODS/deathMODS/death

•• Fundamental goal of therapyFundamental goal of therapy
Restoration of cellular oxygen deliveryRestoration of cellular oxygen delivery

•• Reliable indicators of adequate perfusionReliable indicators of adequate perfusion
Warm legsWarm legs
Strong peripheral pulsesStrong peripheral pulses
Organ functionOrgan function -- Urine output, Mental status, BorborygmiUrine output, Mental status, Borborygmi

•• Lactate levels elevatedLactate levels elevated
With hypoperfusionWith hypoperfusion
With normal perfusionWith normal perfusion

•• Decrease lactate levelsDecrease lactate levels
A goal of cardiovascular supportA goal of cardiovascular support
Not exclusive goalNot exclusive goal
Pressor therapy may cause significant increase lactatePressor therapy may cause significant increase lactate



Lactate LevelsLactate Levels
HypoperfusionHypoperfusion

•• Blood lactateBlood lactate
Guide to resuscitationGuide to resuscitation

•• Epinephrine surgeEpinephrine surge
OccursOccurs

•• Normal birthNormal birth

•• SIRSSIRS -- Sepsis/septic shockSepsis/septic shock

•• Hypoxic ischemic asphyxial insultHypoxic ischemic asphyxial insult

Greatly accelerate aerobic glycolysis and lactate productionGreatly accelerate aerobic glycolysis and lactate production
•• Coupled to Na+: K+Coupled to Na+: K+ ATPaseATPase activity in skeletal muscleactivity in skeletal muscle

•• Significant proportionSignificant proportion ↑↑ blood lactateblood lactate

Unrelated to poor tissue perfusionUnrelated to poor tissue perfusion

Not respond toNot respond to supranormalsupranormal oxygen deliveryoxygen delivery

•• Increased Na+: K+Increased Na+: K+ ATPaseATPase activityactivity
→↑→↑lactate production under welllactate production under well--oxygenated conditionsoxygenated conditions

Erythrocytes, vascular smooth muscle, neurons, skeletal muscleErythrocytes, vascular smooth muscle, neurons, skeletal muscle



LactateLactate
Enteric BacteriaEnteric Bacteria

•• Lactate produced by enteric bacteriaLactate produced by enteric bacteria
Absorbed, produce lactic acidosisAbsorbed, produce lactic acidosis
DD--lactatelactate

•• Endogenous lactate is LEndogenous lactate is L--lactatelactate

•• DD--lactic acidosislactic acidosis
DetectionDetection

•• Some assays for lactate only report LSome assays for lactate only report L--lactatelactate
•• Some assays report total lactateSome assays report total lactate
•• Special DSpecial D--lactate assayslactate assays

Will appear as unidentified anion if not assayedWill appear as unidentified anion if not assayed

•• MetabolismMetabolism
Will beWill be catabolizedcatabolized through Lthrough L--lactate pathwaylactate pathway
Clearance is slower than DClearance is slower than D--lactatelactate



LactateLactate
““HighHigh--octaneoctane”” Fuel During SepsisFuel During Sepsis

•• High energy fuel for heartHigh energy fuel for heart
Allows maintenance of COAllows maintenance of CO
Blocking lactate production:

• Pronounced low flow state
• Profound hypotension

Heart is a “metabolic omnivore”
• Fatty acids (60-90%), glucose, lactate, and other

•• Energy for CNS during HI insultsEnergy for CNS during HI insults
ProtectiveProtective –– prevents lesionsprevents lesions
Maintains CNS metabolismMaintains CNS metabolism
High levels toxic toHigh levels toxic to neurocytesneurocytes

• Lactate production
Adaptive event in response to energetic crisis



SIG acidosisSIG acidosis
Anion gap acidosisAnion gap acidosis
Unmeasured anionsUnmeasured anions

•• Renal failureRenal failure

•• KetoacidosisKetoacidosis

StarvationStarvation

Metabolic errorsMetabolic errors

•• ToxinsToxins

Ethylene glycolEthylene glycol

SalicylatesSalicylates

•• Sepsis/Sepsis/endotoxemiaendotoxemia

Lactic acidosisLactic acidosis

OtherOther

•• Liver diseaseLiver disease



Non SIG acidosisNon SIG acidosis
Non anion gap acidosisNon anion gap acidosis

SID acidosisSID acidosis

•• Hyperchloremic acidosisHyperchloremic acidosis
↑↑ClCl-- relative to Narelative to Na++

Loss of cation relative to ClLoss of cation relative to Cl--

•• Renal AcidosisRenal Acidosis –– often some roleoften some role
Renal responseRenal response →↑→↑ClCl-- excretion in urineexcretion in urine

Kidney must be source of acidosis sinceKidney must be source of acidosis since
•• ↑↑plasma Clplasma Cl-- rather thanrather than ↓↓plasma Clplasma Cl--

•• Extrarenal Acidosis (Extrarenal Acidosis (↑↑ClCl--))
From treatment with ClFrom treatment with Cl-- (NaCl)(NaCl)

Lower GI tract cation loss without loss of ClLower GI tract cation loss without loss of Cl--



SID acidosisSID acidosis

•• GI tractGI tract

DiarrheaDiarrhea

•• Diarrhea fluid NaDiarrhea fluid Na++ > Cl> Cl-- similar to plasmasimilar to plasma

•• If treat with a NaClIf treat with a NaCl →→ ↑↑ClCl-- →↓→↓SIDSID

•• If treat with SID balanced fluidsIf treat with SID balanced fluids

Will not happenWill not happen

Small intestinal diseaseSmall intestinal disease



SID acidosisSID acidosis

•• IatrogenicIatrogenic

TPN/PPNTPN/PPN

•• Contains balance of weak anions (e.g. acetate) + ClContains balance of weak anions (e.g. acetate) + Cl--

If acetate<< ClIf acetate<< Cl-- then plasma Clthen plasma Cl-- ↑↑ →↓→↓SIDSID

SalineSaline –– dilutionaldilutional acidosisacidosis

•• Critical patientCritical patient -- already have lactic acidosis, can't changealready have lactic acidosis, can't change

ventilation to compensate, haveventilation to compensate, have ↓↓AATOTTOT ((↓↓albumin)albumin)

•• Treated 5Treated 5--10X plasma volume10X plasma volume →→ significant acidosissignificant acidosis

•• Unlike normal patient treated with NaClUnlike normal patient treated with NaCl



Renal AcidosisRenal Acidosis

•• Renal failureRenal failure

Uncomplicated renal failure no acidosisUncomplicated renal failure no acidosis

Hyperchloremic acidosisHyperchloremic acidosis ↓↓SIDSID

•• Na wasting > Cl excretionNa wasting > Cl excretion

•• Failure of Cl excretion without NaFailure of Cl excretion without Na

ChronicChronic ↑↑sulfatessulfates ↓↓SIDSID

•• Treat with NaHCOTreat with NaHCO33 →→ ↑↑SIDSID

If NaIf Na++ concentration is too high treat with Caconcentration is too high treat with Ca++++

But littleBut little ↑↑SID because of small normal range CaSID because of small normal range Ca

•• Renal tubular acidosisRenal tubular acidosis



Renal Tubular AcidosisRenal Tubular Acidosis

•• Defect in all types of RTADefect in all types of RTA

Inability to excrete ClInability to excrete Cl-- in proportion to Nain proportion to Na++

•• RTA type IRTA type I –– distaldistal

Impaired NaImpaired Na++ transport cortical collecting ductstransport cortical collecting ducts

Treat NaHCO3Treat NaHCO3 →→ respondrespond

KK++ deficient/deficient/hyperkalemichyperkalemic formform



Renal Tubular AcidosisRenal Tubular Acidosis

•• RTA type IIRTA type II -- proximalproximal

NaNa++ & K& K++ reabsorption defectreabsorption defect

•• FranconiFranconi SyndromeSyndrome –– gluglu, PO, PO44,, urateurate,, aaaa reabsorption defectsreabsorption defects

Treat Na HCO3Treat Na HCO3 →→ justjust ↑↑losses and not worklosses and not work

•• RTA type IVRTA type IV

Aldosterone deficiency or resistanceAldosterone deficiency or resistance

↑↑serum K and low urine pH (< 5.5)serum K and low urine pH (< 5.5)

Often caused by NSAIDs, heparin, K sparing diureticsOften caused by NSAIDs, heparin, K sparing diuretics

Discontinue drugsDiscontinue drugs



Unexplained metabolic acidosisUnexplained metabolic acidosis

•• Lactic acidosisLactic acidosis
More acidotic than explained by lactate levelMore acidotic than explained by lactate level

•• SepsisSepsis
Acidosis withoutAcidosis without  lactatelactate

•• Could be DCould be D--lactatelactate

May be secondary toMay be secondary to  ClCl
--

Unexplained anions released from liverUnexplained anions released from liver
•• Normally liver clears unmeasured anionsNormally liver clears unmeasured anions

•• OftenOften ⅓⅓ of acidosis is unexplainedof acidosis is unexplained
Loss ofLoss of DonnanDonnan equilibrium of plasmaequilibrium of plasma

Capillary leakCapillary leak –– loss of albumin from vascular spaceloss of albumin from vascular space

ClCl
--

moves into vascular space to balance lossmoves into vascular space to balance loss

Hyperchloremic acidosis withHyperchloremic acidosis with ↓↓ SIDSID



Metabolic AlkalosisMetabolic Alkalosis



SID

Metabolic AlkalosisMetabolic Alkalosis
Strong Ion AlkalosisStrong Ion Alkalosis

Increased SIDIncreased SID
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Metabolic AlkalosisMetabolic Alkalosis
Unidentified Cation AlkalosisUnidentified Cation Alkalosis

SIG > 0SIG > 0
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MetabolicMetabolic AlkalosisAlkalosis

•• Metabolic alkalosisMetabolic alkalosis

↑↑SIDSID →→ Results inResults in ↓↓ free H+free H+ →→ alkalosisalkalosis

•• ↑↑SIDSID

Loss of anions > cationsLoss of anions > cations

DiureticsDiuretics

Renal diseaseRenal disease



Metabolic alkalosisMetabolic alkalosis

•• ↑↑SIDSID

Loss of ClLoss of Cl-
-
---- ↓↓anionsanions

•• or fromor from ↑↑cations (rare)cations (rare)

ClCl
--
loss > Naloss > Na

•• ClCl--
ResponsiveResponsive

•• ClCl--
ResistantResistant



Potential Clinical Effects ofPotential Clinical Effects of
Metabolic AlkalosisMetabolic Alkalosis

•• CardiovascularCardiovascular

↑↑InotropyInotropy (Ca(Ca++++ entry)entry)

Altered coronary blood flow (Altered coronary blood flow (↑↑//↓↓))

Digoxin toxicityDigoxin toxicity

•• 0022 DeliveryDelivery

↑↑OxyhemoglobinOxyhemoglobin affinityaffinity

↑↑2,32,3--DPG (delayed)DPG (delayed)



Potential Clinical Effects ofPotential Clinical Effects of
Metabolic AlkalosisMetabolic Alkalosis

•• NeuromuscularNeuromuscular

Neuromuscular excitabilityNeuromuscular excitability

EncephalopathyEncephalopathy

SeizuresSeizures

•• Metabolic EffectsMetabolic Effects

↓↓KK

↓↓CaCa

↓↓PO4PO4

Impaired enzyme functionImpaired enzyme function



Metabolic alkalosisMetabolic alkalosis
Cl ResponsiveCl Responsive

•• ClCl-- loss easily treatedloss easily treated

ClCl-
-
loss > Naloss > Na++

Temporary lossTemporary loss –– compensationcompensation

Not ongoing (Not ongoing (UclUcl low)low)

•• GastrointestinalGastrointestinal

Reflux, Cl wasting diarrheaReflux, Cl wasting diarrhea



Metabolic alkalosisMetabolic alkalosis
Cl ResponsiveCl Responsive

•• Post diureticPost diuretic

Volume contractionVolume contraction →↑→↑aldosteronealdosterone →↑→↑Na reabsorptionNa reabsorption

But alsoBut also ↑↑K and ClK and Cl-- lossloss →→ alkalosisalkalosis

•• Post chronic lactic acidosisPost chronic lactic acidosis

↓↓ClCl-- as compensation for acidosisas compensation for acidosis

Lactic acidosis may resolve quicklyLactic acidosis may resolve quickly

Residual hypochloremic alkalosisResidual hypochloremic alkalosis

•• Post hypercapniaPost hypercapnia –– metabolic compensationmetabolic compensation

HypercapneaHypercapnea resolves quicklyresolves quickly

Residual hypochloremic alkalosisResidual hypochloremic alkalosis



Metabolic alkalosisMetabolic alkalosis
Cl ResponsiveCl Responsive

•• TreatmentTreatment

Replace Cl with NaCl,Replace Cl with NaCl, KClKCl

•• Dehydration usually presentDehydration usually present

 SIDSID –– corrected with salinecorrected with saline

 SIDSID –– corrected with balanced fluidscorrected with balanced fluids



Metabolic AlkalosisMetabolic Alkalosis
Cl ResistantCl Resistant

•• Renal dysfunctionRenal dysfunction

•• ClCl-- loss is ongoing (loss is ongoing (UclUcl high)high)

Hormonal mechanismsHormonal mechanisms

•• MineralocorticoidMineralocorticoid excessexcess

•• Primary/secondaryPrimary/secondary hyperaldosteronismhyperaldosteronism

•• Cushing syndromeCushing syndrome

•• LiddleLiddle’’ss syndromesyndrome

•• BartterBartter’’ss syndromesyndrome

•• Excessive corticoidsExcessive corticoids

•• Excessive licorice intake (mimics aldosterone)Excessive licorice intake (mimics aldosterone)

Ongoing diuretic useOngoing diuretic use



Metabolic AlkalosisMetabolic Alkalosis
Cl ResistantCl Resistant

•• Only temporarily correct with ClOnly temporarily correct with Cl-- therapytherapy

Urine ClUrine Cl-- > 20 mmol/l> 20 mmol/l

Saline therapy may temporarily correct SIDSaline therapy may temporarily correct SID

•• Ongoing renal loss results in returnOngoing renal loss results in return  SIDSID

 MineralocorticoidMineralocorticoid activityactivity



Metabolic acidMetabolic acid--base therapybase therapy

•• If Na/Cl levels normalIf Na/Cl levels normal

DonDon’’t use Na/Cl in therapyt use Na/Cl in therapy

•• If Na/Cl abnormalIf Na/Cl abnormal

 NaNa –– NaHCONaHCO33

 ClCl –– NaClNaCl

•• IfIf  lactate (lactate ( SIG,SIG,  AG)AG)

 metabolic clearancemetabolic clearance

↓↓ epinephrine levelsepinephrine levels

↓↓ hypermetabolismhypermetabolism

DonDon’’t treat with NaHCOt treat with NaHCO33

•• After lactateAfter lactate ↓↓ -- Na remainsNa remains --  SIDSID

•• But pH < 7.20 liver may not clear lactate wellBut pH < 7.20 liver may not clear lactate well


