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Acid Acid -- Base  Base  IIIIII

Acid Base AbnormalitiesAcid Base Abnormalities

K  pp. 116K  pp. 116--131131
C pp 48C pp 48--5252

B pp 290B pp 290--292292
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Objectives Objectives 
Upon completion of this lecture,  the learner Upon completion of this lecture,  the learner 

should be able to:should be able to:

•• Discuss various clinical examples of Discuss various clinical examples of 
uncompensated and compensated uncompensated and compensated 
Respiratory Acidosis and Alkalosis, Respiratory Acidosis and Alkalosis, 
and Metabolic Acidosis and Alkalosis.and Metabolic Acidosis and Alkalosis.

•• Explain typical blood gas abnormalities that are Explain typical blood gas abnormalities that are 
associated with the above abnormalities.associated with the above abnormalities.

•• Discuss precautions in using  NaHCODiscuss precautions in using  NaHCO33 routinely routinely 
in management of most acid in management of most acid -- base disordersbase disorders
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Respiratory  AcidosisRespiratory  Acidosis
..
HH++ +  HCO+  HCO33 -- ~~ HH22COCO3 3 ~~ HH22O  +O  + COCO22

AcidosisAcidosis
•• pCOpCO22 >  45>  45
•• hypoxia (usually, but not always)hypoxia (usually, but not always)
•• may be life threateningmay be life threatening

Clinical PresentationClinical Presentation
Signs:Signs: distress ( increased WOB ) distress ( increased WOB ) 

depressiondepression
OO22 sat. may be misleadingsat. may be misleading
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Respiratory AcidosisRespiratory Acidosis
CausesCauses
•• Acute (pCOAcute (pCO22 > 40 ;  HCO> 40 ;  HCO33: normal): normal)

–– pneumoniapneumonia
–– asthmaasthma
–– spontaneous pneumothoraxspontaneous pneumothorax
–– drug overdosedrug overdose
–– CNS diseaseCNS disease
–– trauma ;  including chest wall paintrauma ;  including chest wall pain
–– flash pulmonary edemaflash pulmonary edema
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Respiratory AcidosisRespiratory Acidosis
CausesCauses
•• Chronic (pCOChronic (pCO22 > 40 ;   HCO> 40 ;   HCO3 3 :  high):  high)

–– COPDCOPD
–– CHFCHF
–– other chronic lung disease other chronic lung disease 

•• TBTB
•• pleural diseasepleural disease
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Respiratory  AlkalosisRespiratory  Alkalosis
..
HH++ +  HCO+  HCO33 -- ~~ HH22COCO3 3 ~~ HH22O  +O  + COCO22

AlkalosisAlkalosis
•• pCOpCO22 <  35<  35

Clinical PresentationClinical Presentation
Sx.Sx. anxious; dizziness; paresthesiasanxious; dizziness; paresthesias

chest wall pain; carpalchest wall pain; carpal--pedal spasmpedal spasm
Signs:Signs: distress ( increased WOB ) distress ( increased WOB ) 
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Respiratory AlkalosisRespiratory Alkalosis

CausesCauses
•• Acute (pCOAcute (pCO22 < 40 ;  HCO< 40 ;  HCO33: normal): normal)

–– hypoxiahypoxia
•• P P EmEm..
•• asthmaasthma

–– feverfever
–– sympathomimetic  sympathomimetic  -- drugs drugs 
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Respiratory AlkalosisRespiratory Alkalosis
CausesCauses
•• Chronic (pCOChronic (pCO22 < 40 ;  HCO< 40 ;  HCO33: low): low)

–– progesterone ;  pregnancyprogesterone ;  pregnancy
–– chronic aspirin toxicitychronic aspirin toxicity
–– sympathomimetic  sympathomimetic  -- hyperthyroidismhyperthyroidism
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MetabolicMetabolic AlkalosisAlkalosis
..

HH++ +  +  HCOHCO33 -- ~~ HH22COCO3 3 ~~ HH22O  +O  + COCO22

Metabolic acid Metabolic acid -- base statusbase status
•• reflected by :   HCOreflected by :   HCO33 -- level  level  
•• normal HCOnormal HCO33 -- :  24 :  24 -- 28  28  [[ 25 25 ]]

•• HCOHCO33 -- >  28 :  Metabolic Alkalosis>  28 :  Metabolic Alkalosis

Acute uncompensated (minutes)Acute uncompensated (minutes)
•• pCOpCO22 : 40: 40
Compensation is ineffectiveCompensation is ineffective
•• pCOpCO22 : cannot increase much above 40 without : cannot increase much above 40 without 

causing hypoxiacausing hypoxia
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MetabolicMetabolic AlkalosisAlkalosis

CausesCauses
•• NonNon--acute (pCOacute (pCO22 ~ 40 ;  HCO~ 40 ;  HCO33: high): high)

–– Excessive diuresis / hypokalemiaExcessive diuresis / hypokalemia
–– Excessive NG suction (of Excessive NG suction (of HClHCl))

TreatmentTreatment
•• NS rehydrationNS rehydration
•• IV KCl (20 mEq/1000 mL NS / hr)IV KCl (20 mEq/1000 mL NS / hr)
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MetabolicMetabolic AcidosisAcidosis
..

HH++ +  +  HCOHCO33 -- ~~ HH22COCO3 3 ~~ HH22O  +O  + COCO22

Metabolic acid Metabolic acid -- base statusbase status
•• reflected by :   HCOreflected by :   HCO33 -- level  level  
•• normal HCOnormal HCO33 -- :  24 :  24 -- 28  28  [[ 25 25 ]]

•• HCOHCO33 -- <  24 :  Metabolic Acidosis<  24 :  Metabolic Acidosis

Acute uncompensated (minutes)Acute uncompensated (minutes)
•• pCOpCO22 : 40: 40
CompensatingCompensating
•• pCOpCO22 : < 40: < 40
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MetabolicMetabolic AcidosisAcidosis

Clinical FeaturesClinical Features
•• Sx.:Sx.: N, V,  abd. pain,  ALOC   N, V,  abd. pain,  ALOC   
•• Signs:Signs:

•• increased HR, Tincreased HR, T 00

•• acute and  uncompensated (minutes)acute and  uncompensated (minutes)
+/+/-- increase in RRincrease in RR

•• compensatingcompensating
increase in RR (Kussmaul)increase in RR (Kussmaul)

•• shock signsshock signs



5

EMC  360  - Acid Base  3

MetabolicMetabolic AcidosisAcidosis
Causes  Causes  (high anion gap  (high anion gap  -- CC. . pp. . 5151))
A  MUDPILESA  MUDPILES
•• AA lcohol   lcohol   
•• MM ethanolethanol
•• UU remia (acute + chronic renal failure)remia (acute + chronic renal failure)
•• DD KAKA
•• PP oisonings (TCA, cyanide)oisonings (TCA, cyanide)
•• II ron and INH (antiron and INH (anti--TBTB isoniazide)isoniazide)
•• LL actic acidosisactic acidosis
•• EE thylene glycol thylene glycol 
•• SS alicylates and starvationalicylates and starvation
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MetabolicMetabolic AcidosisAcidosis TreatmentTreatment
COCO22MM33E BIE BINSNSGG

Specific Tx.:Specific Tx.:
•• ToxicologyToxicology
•• SepsisSepsis
•• DKADKA

Consider NaHCOConsider NaHCO33 (controversial)(controversial) 1 mEq / kg IV1 mEq / kg IV
•• DKA: pH  <  7.1  DKA: pH  <  7.1  andand HCO3 < 8    HCO3 < 8    [and pCO[and pCO22 < 20]< 20]
•• Assure adequate ventilationAssure adequate ventilation
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MetabolicMetabolic AcidosisAcidosis TreatmentTreatment
NaHCONaHCO33 precautions / reasons not to use routinelyprecautions / reasons not to use routinely

•• No improved survivalNo improved survival
•• No improved defibrillationNo improved defibrillation
•• Paradoxical intracellular acidosisParadoxical intracellular acidosis

HH++ +  +  HCOHCO33 -- ~~ HH22COCO33 ~~ HH22O  +O  + COCO22

•• HypernatremiaHypernatremia
•• HyperosmolalityHyperosmolality
•• Metabolic alkalosisMetabolic alkalosis
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MetabolicMetabolic AcidosisAcidosis TreatmentTreatment
Reasons not to use NaHCOReasons not to use NaHCO3  3  routinely  routinely  (cont.)(cont.)
•• Causes metabolic alkalosisCauses metabolic alkalosis

–– Difficult to reverseDifficult to reverse
•• without compromising  A/B  (Owithout compromising  A/B  (O2 2 ))

–– Inactivates catecholaminesInactivates catecholamines
–– Shifts OShifts O22 dissociation curvedissociation curve

•• harder to offharder to off--load Oload O22 from Hb into tissuesfrom Hb into tissues
–– HypokalemiaHypokalemia

•• arrhythmiasarrhythmias
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SummarySummary
We have discussed : We have discussed : 
•• Clinical examples of and treatments of various Clinical examples of and treatments of various 

uncompensated and compensated uncompensated and compensated 
respiratory acidosis and alkalosis, respiratory acidosis and alkalosis, 
and metabolic acidosis and alkalosis.and metabolic acidosis and alkalosis.

•• Typical blood gas abnormalities that are Typical blood gas abnormalities that are 
associated with the above abnormalities.associated with the above abnormalities.

•• Precautions in using  NaHCOPrecautions in using  NaHCO3  3  routinely in routinely in 
management of most acid management of most acid -- base disordersbase disorders


