	
	

	




Concentration of hydrogen determines acidic/alkaline 
Acids are produced with any metabolic activity 



	
	

	

Buffer system – effects occur immediately, tries to make acids weaker or binds to the acids until it is released by the body through the lungs or the kidneys

Respiratory – a few minutes to take effect to excrete extra CO2 from the lungs

Renal – takes 2-03 days for effect, kidneys will reabsorb and generate extra base of bicarbonate HCO3, kidneys try to excrete some H+  into urine itself.

Arterial catheter is usually seen in critical care units








	
	

	Respiratory Acidosis is a ↑ in CO2  and a ↓in pH

PaCO2   Normal is 32-48…so anything greater than 48 will be abnormally high.

pH normal is 7.35-7.45….so anything below 7.35 is considered abnormally low.

Not breathing at a normal rate or depth will cause the body to not get rid of CO2 quick enough creating a high amount of CO2 in the body.

Obesity creates abnormal chest wall movement,
Drug OD lowers respiratory rates…see pg 342 for common imbalances

Guillian Barre – autoimmune disease that effects peripheral nerves – starts at the toes with numbness and weakness and works its way up unless it is treated.

	
	

	



Depth of respiration is LOW….Low BP, High HR

	
	

	



Possible cause: pneumonia – treatment will help

To reduce acidic levels you give Sodium Bicarbonate (NaHCO3) to balance the Acid/Base levels

	
	

	


Not enough CO2 available for the body, breathing is too fast and deep. 

Not enough time for compensation – must apply O2 immediately!

Septicemia – infection throughout body

Fever = infection

	
	

	

Fast and deep breathing

Paresthesia – pins and needles, tingling

Tetany – involuntary muscle spasms

Hyperreflexia - ↑ response to reflexes

↑ HR ,   ↑Respiratory Rate


	
	


	


Breath into a bag to ↑ CO2

Meet O2 needs First Priority!

	
	

	


↓ HCO3  and   ↓ pH

Biocarbonate ions are needed to neutralize the acids

*Losses in GI tract are mainly in the Lower GI tract for metabolic acidosis

	
	

	




↓ BP

O2  and NaHCO3 given to balance out the acid

GI symptoms are prevelant

	
	

	




↑ HCO3  and  ↑ pH

K+  deficits = Metabolic alkalosis

Losses are mainly in the Upper GI tract

	
	

	

	
	

	








Diamox – helps with achieving equilibrium

	


	

	See paper for explanation – with arrow method

** if abnormal ranges, but the pH is normal – then the body fully compensated

** if abnormal ranges for each including the pH – then body is partially compensated

** if pH and one of the gasses is abnormal and another gas is normal – then body is noncompensating

** if C02 and pH  arrows are opposite – Respiratory

** if HCO3 and pH arrows match - Metabolic

	
	

	Too much HCO3 = Alkaline,Too little HCO2 = Acidic

Too much CO2 = Acidic,  Too little CO2 = Alkaline

1. Respiratory acidosis – non compensating
       pH   ↓,   PaCO2  ↑,   HCO3 - N

2. Respiratory acidosis – partial compensation
      pH   ↓,   PaCO2  ↑,   HCO3  ↑

3. Respiratory acidosis – full compensation
     pH -↓ N,   PaCO2  ↑,   HCO3  ↑




	
	

	
1. Respiratory alkalosis – non compensating
       pH   ↑,   PaCO2  ↓,   HCO3 - N

2. Respiratory alkalosis – partial compensation
      pH   ↑,   PaCO2  ↓,   HCO3  ↓

3. Respiratory alkalosis – full compensation
     pH - ↑N,   PaCO2  ↓,   HCO3  ↓

	
	

	1. Metabolic acidosis – non compensating
       pH   ↓,   PaCO2 - N,   HCO3 - ↓

2. Metabolic acidosis – partial compensation
      pH   ↓,   PaCO2  ↓,   HCO3  ↓

3. Metabolic acidosis – full compensation
     pH - ↓N,   PaCO2  ↓,   HCO3  ↓

	
	

	
1. Metabolic alkalosis – non compensating
       pH   ↑,   PaCO2  N,   HCO3 ↑

2. Metabolic alkalosis – partial compensation
      pH   ↑,   PaCO2  ↑,   HCO3  ↑

3. Metabolic alkalosis – full compensation
     pH - ↑N,   PaCO2  ↑,   HCO3  ↑
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Respiratory Acidosis



PaCO2 > 48 mm Hg (Hypercapnia), pH <7.35



Excess CO2 on board



Causes:  



Hypoventilation



Neuromuscular disease impairing ventilation (GB)



Drug overdose (barbiturates or sedatives)



Disease – COPD, overdose of oxygen



Acute respiratory infection (pneumonia)



Chest wall abnormalities (obesity) 



Atelectasis
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Respiratory Acidosis

PaCO2 > 48 mm Hg (Hypercapnia), pH <7.35

Excess CO2 on board

Causes:  

Hypoventilation

Neuromuscular disease impairing ventilation (GB)

Drug overdose (barbiturates or sedatives)

Disease – COPD, overdose of oxygen

Acute respiratory infection (pneumonia)

Chest wall abnormalities (obesity) 

Atelectasis
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50/50 rule- if PACO2>50 and the PO2<50 = Respiratory Failure



Body compensation

Kidneys conserve bicarb and secrete H+ in urine

Max effect 2-3 days



Table 17-12 pg. 322 Lewis Common causes of Acid-Base Imbalance



GB (Guillian Barre)- autoimmune disorder affecting the peripheral nervous  	           system

	        - characterized by weakness and numbness that starts in 	           the lower extremities and travels upward until your total 	           body is paralyzed including your lungs

	        - if treated early enough, able to recover in most cases







Respiratory Acidosis

= PaC02> 48 mm g (Hypercspris). pH <7.25
= Excess CO2 ontosrs
= Causes
“ypovensston
= Newromuscuiar sease mpaiing vensaton (65)
= Drugoverdose barbturates or sedatves)
= Disases - COPD, overdosa ofangen
= Acue respratry necton (preumon)
= Crastual ssmormaives (cpesty)
iy
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Respiratory Acidosis



Clinical manifestations



Hypoventilation



Confusion/ disorientation



Lethargy / drowsiness



Headache



Dizziness



Seizures



Coma



Hypotension



Tachycardia / arrhythmias 



Electrolyte imbalance



Warm flushed skin
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Respiratory Acidosis

Clinical manifestations

Hypoventilation

Confusion/ disorientation

Lethargy / drowsiness

Headache

Dizziness

Seizures

Coma

Hypotension

Tachycardia / arrhythmias 

Electrolyte imbalance

Warm flushed skin































Respiratory Acidosis

= Clinical maniestatons
< Hypoventiatin
= Cantuson sorenistin
SLethargy drowsiess.
ZHesssone
sy
Zsemes
oy
S Fypotension
STachycarda  anhyinmizs
=Byt miiance
=Viam fusnas sk
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Respiratory Acidosis



Treatment:



Aimed at underlying cause



Oxygenation



Mechanical ventilation, BiPAP



BP control



Treat respiratory infection



Administer alkaline agents IV (NAHCO3)
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Respiratory Acidosis

Treatment:

Aimed at underlying cause

Oxygenation

Mechanical ventilation, BiPAP

BP control

Treat respiratory infection

Administer alkaline agents IV (NAHCO3)





























Respiratory Acidosis

= Treatment:
=Aimed stunderying cause
SOxygenation
“iechanicalventistion, BPAP
-
STreatrespiratory infection
SAdminister saline agents IV (NAHCO3)
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Respiratory Alkalosis



PaCO2 < 32 mm Hg (Hypocapnia), pH >7.45



Too little CO2 on board



Causes:



Hyperventilation



Anxiety, fear, pain



Hypoxemia / PE



Respiratory stimulant drugs (salicylate poisoning)



Septicemia



Encephalitis



Brain injury



Exercise



Fever
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Respiratory Alkalosis

PaCO2 < 32 mm Hg (Hypocapnia), pH >7.45

Too little CO2 on board

Causes:

Hyperventilation

Anxiety, fear, pain

Hypoxemia / PE

Respiratory stimulant drugs (salicylate poisoning)

Septicemia

Encephalitis

Brain injury

Exercise

Fever
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Resp. stimulant drugs, septicemia, encephalitis, and Brain injury

Stimulate resp. center in brain



Rarely time to compensate, usually need immediate treatment of hypoxemia





Respiratory Alkalosis

- FaCO2<32mm g (ypocapni, pHOT S
* Teokite COzonsase
I Chses
= ypenenistn
S ey, r, pan
= Hyporemi 72
= Raspiatoy stmdantdngs (o poisonig)
= septoams
= Encephatis
Zenmry
ey
e
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Respiratory Alkalosis



Clinical manifestations:



Hyperventilation



Paresthesia / tetany / hyperreflexia



Lightheadedness / lethargy



Confusion



Electrolyte imbalance



Nausea / vomiting /  Epigastric pain



Seizures



Chest pain / tachycardia / arrhythmias 
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Respiratory Alkalosis

Clinical manifestations:

Hyperventilation

Paresthesia / tetany / hyperreflexia 

Lightheadedness / lethargy

Confusion

Electrolyte imbalance

Nausea / vomiting /  Epigastric pain

Seizures

Chest pain / tachycardia / arrhythmias 

























Paresthesia- pins and needles, numbness and/or tingling





Respiratory Alkalosis

= Cinical manifestatons:
SHypenentiation
SParesthesial tetany/ hypenefiexia
“Lightneadaness Istharay
Canusion
SElectolyi imtalsnce
SNeusea /vomiting/ Epigasticpain
SSeizues
SChest pain tachycsraia  annyihmiss
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Respiratory Alkalosis



Treatment:



Aim at treating underlying cause



Oxygenation



Correct electrolyte imbalance



Decrease anxiety



Breath into a bag
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Respiratory Alkalosis

Treatment:

Aim at treating underlying cause

Oxygenation

Correct electrolyte imbalance

Decrease anxiety

Breath into a bag

























??? Why Bag….rebreathing CO2





Respiratory Alkalosis

= Treatment:
Aim at treating underlying cause
COxygenation

SCorrect electrolyte imbalance
Checrease anxiety

CBreath into a bag
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Metabolic Acidosis



HCO

3

-

< 22 mEq/L, pH <7.35



Lack of bicarbonate ions



Causes:



Renal failure



Diabetic ketoacidosis



Lactic acidosis



Excess loss via GI tract – diarrhea, ileostomy 

tube, GI fistulas



Starvation



Shock
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Metabolic Acidosis

HCO3- < 22 mEq/L, pH <7.35

Lack of bicarbonate ions

Causes:

Renal failure

Diabetic ketoacidosis

Lactic acidosis

Excess loss via GI tract – diarrhea, ileostomy tube, GI fistulas

Starvation

Shock
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Compensation

↑ CO2 excretion by lungs

Kidneys attempt to excrete additional acids





Metabolic Acidosis

= HOO <22mEqL pH<T 35
= Lakof bicarbonste ions
- Causes

= Rensl faire

RS —

= Lstosouoss

= Exoass s v G st danes, destomy
o, Ol farise

Py
=shok
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Metabolic Acidosis



Clinical manifestations:



Hyperventilation – deep, rapid respirations 

(Kussmal Respirations)



Drowsiness, confusion, headache, coma



Hypotension, arrhythmias



Warm, flushed skin



Nausea, vomiting, diarrhea, and abdominal pain



Treatment:



Underlying cause



Oxygenation



Sodium Bicarbonate
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Metabolic Acidosis

Clinical manifestations:

Hyperventilation – deep, rapid respirations (Kussmal Respirations)

Drowsiness, confusion, headache, coma

Hypotension, arrhythmias

Warm, flushed skin

Nausea, vomiting, diarrhea, and abdominal pain

Treatment:

Underlying cause

Oxygenation

Sodium Bicarbonate
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Warm flushed skin d/t peripheral vasodilation



DKA – insulin and fluids





Metabolic Acidosis

= Cincsimanfeststons:

T —

UESmelRespraionsy

= Drousiass, contusen, restacne, oms

= Fypotensn, ammymmis

=i, ushas sk

= Nausea, vomitng,Garhes, and abdominalpain
« Trestmant

= Underyingcause:

SOxygenston

= Sodum Biearionste
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Metabolic Alkalosis



HCO

3

-

> 26 mEq/L, pH >7.45



Excess in bicarbonate ions



Causes:



Loss of HCL ions in vomiting or excessive NG 

suctioning



Overcorrection of metabolic acidosis with NA 

HCO3



Overuse of loop diuretics – K+ deficit



Too-rapid correction of respiratory acidosis 

with NaHCO3
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Metabolic Alkalosis

HCO3- > 26 mEq/L, pH >7.45

Excess in bicarbonate ions

Causes:

Loss of HCL ions in vomiting or excessive NG suctioning

Overcorrection of metabolic acidosis with NA HCO3

Overuse of loop diuretics – K+ deficit

Too-rapid correction of respiratory acidosis with NaHCO3
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Compensation

↓ RR to increase CO2 in blood

Renal excretion of bicarb





Metabolic Alkalosis

RHCO5 » 26 mEQL, pH >7.45
= Excess in bicarbonate ions
= Causes:

SLoss ofHCL ions invermitingor excessive NG
saioning

Overconaction of metabolic scidesi with NA
o3

SOveruse ofloop diuretis —Ke defiit

= Toorapid conaction of espiratony ssidasis
it NaHCOR.
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Metabolic Alkalosis



Clinical manifestations



Nervousness, irritability, dizziness



Cardiac arrhythmias / tachycardia



Confusion



Seizure



Tremors / muscle cramps or tetany / tingling



N/V, anorexia



Hypoventilation
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Metabolic Alkalosis

Clinical manifestations

Nervousness, irritability, dizziness

Cardiac arrhythmias / tachycardia

Confusion

Seizure

Tremors / muscle cramps or tetany / tingling

N/V, anorexia

Hypoventilation



























Metabolic Alkalosis

= Cinical manifestations
Nervousnss, imtabiliy, dizziness
SCardiacantythmiss. tachycerdis
Canfusion
seizue
STremors /muscle cramps o tetany ingling
S, snorexis
SHypoventiation
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Metabolic alkalosis



Treatment



Underlying disease



Replacement of fluids and electrolytes



Dialysis therapy if severe



Diamox – diuretic promotes loss of 

bicarbonate via urine
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Metabolic alkalosis

Treatment

Underlying disease

Replacement of fluids and electrolytes

Dialysis therapy if severe

Diamox – diuretic promotes loss of bicarbonate via urine

























Metabolic alkalosis

= Treatment
Underying disease

eplacement of flids and electrolytes

CDalysis therapy if severe

jamox. - duretc promotes loss of
bicarbonate via urne.
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Analysis



1.) PaO2 and SaO2- normal or hypoxia



2.) pH- acidic or basic



3.) Analyze PaCO2- respiratory acidosis or alkalosis



4.) Analyze HCO3- metabolic acidosis or alkalosis



5.) Determine if PaCO2 or HCO3 matches pH



6.) Decide if the body is attempting to compensate



If the other parameter that does not match pH is 

moving in opposite direction, but pH remains 

abnormal → partial compensation



If pH is normal → full compensation
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Analysis

1.) PaO2 and SaO2- normal or hypoxia

2.) pH- acidic or basic

3.) Analyze PaCO2- respiratory acidosis or alkalosis

4.) Analyze HCO3- metabolic acidosis or alkalosis

5.) Determine if PaCO2 or HCO3 matches pH

6.) Decide if the body is attempting to compensate

If the other parameter that does not match pH is moving in opposite direction, but pH remains abnormal → partial compensation

If pH is normal → full compensation
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1.) Normal PaO2 is 80-100

     Normal SaO2 is greater than 95



2.) pH- less than 7.35 is acidic

            greater than 7.45 is basic



3.) PaCO2- greater than 48 is acidosis

                   less than 32 is alkalosis



4.) HCO3- greater than 26 is alkalosis

                 less than 22 is acidosis





Also have Arrow Method of interpretation….HANDOUT







Analysis

= 1)P302 504 5202 romslor hypexs

= 2)ph-acoorbasc

= 3) Analyze PaCO2. respiratory acdoss or aalosis

= 1) Analyz= HGOS. metabol acidosis or akaloss:

= 5) Determineif PaCO20r HCO3 matches pH

= 6) Deciiei thebody i attemping o comprsate
=1 th ther parameter that doss ot match pH s

movinginopposiedrection, but o femains
vomal  patal compersaton

sty ——
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Practice ABG’s



1.) pH

PaCO2

HCO3



2.) pH

PaCO2

HCO3



3.) ph

PaCO2

HCO3



7.30



55 mm Hg



24 mEq/L



7.30



55 mm Hg



32 mEq/L



7.35



55 MM HG



32 mEq/L
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Practice ABG’s

1.) pH

          PaCO2

          HCO3



2.) pH

          PaCO2

          HCO3



3.) ph

          PaCO2

          HCO3

7.30

55 mm Hg

24 mEq/L



7.30

55 mm Hg

32 mEq/L



7.35

55 MM HG

32 mEq/L
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**Use soft ball and pass around room to answer questions**



Resp acidosis, non compensated



Resp acidosis, partial compensation 



Resp acidosis, complete compensation





Practice ABG’s
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Practice ABG’s



1.) pH

PaCO2

HCO3



2.) pH

PaCO2

HCO3



3.) pH

PaCO2

HCO3



7.50



30 mm Hg



25 mEq/L



7.50



30 mm Hg



19 mEq/L



7.45



30 mm Hg



19 mEq/L
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Practice ABG’s

1.) pH

          PaCO2

          HCO3



2.) pH

          PaCO2

          HCO3



3.) pH

          PaCO2

          HCO3



7.50

30 mm Hg

25 mEq/L



7.50

30 mm Hg

19 mEq/L



7.45

30 mm Hg

19 mEq/L























16

Resp alkalosis, non compensated



Resp alkalosis, partial compensation



Resp alkalosis, complete compensation 





Practice ABG’s
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Practice ABG’s



1.)pH

PaCO2

HCO3



2.) pH

PaCO2

HCO3



3.) pH

PaCO2

HCO3



7.05



37 mm Hg



16 mEq/L



7.05



18 mm HG



16 mEq/L



7.35



18 mm Hg



16 mEq/L
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Practice ABG’s

1.)pH

         PaCO2

         HCO3



2.) pH

          PaCO2

          HCO3



3.) pH

          PaCO2

          HCO3



7.05

37 mm Hg

16 mEq/L



7.05

18 mm HG

16 mEq/L



7.35

18 mm Hg

16 mEq/L
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Metabolic acidosis – non compensated



Metabolic acidosis – partial



Metabolic acidosis - complete







Practice ABG’s
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Practice ABG’s



1.) pH

PaCO2

HCO3



2.) pH

PaCO2

HCO3



3.) pH

PaCO2

HCO3



7.55



42 mm Hg



34 mEq/L



7.55



55 mm Hg



34 mEq/L



7.45



55 mmHg



34 mEq/L
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Practice ABG’s

1.) pH

          PaCO2

          HCO3



2.) pH

          PaCO2

          HCO3



3.) pH

          PaCO2

          HCO3



7.55

42 mm Hg

34 mEq/L



7.55

55 mm Hg

34 mEq/L



7.45

55 mmHg

34 mEq/L
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Metabolic alkalosis – non compensated



Metabolic alkalosis – partial



Metabolic alkalosis - complete





Practice ABG’s
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Arterial Blood Gases

NCA I  2012

Lewis, Chapter 17 (pg. 320-324)

Dawn A. Wikel, MSN, RN
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Arterial Blood Gases

NCA I  2012

Lewis, Chapter 17 (pg. 320-324)

Dawn A. Wikel, MSN, RN
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Arterial Blood Gases

NCAI 2012
Lewis, Chapter 17 (pg. 320-324)
Dawn A Wikel, HSN, RN
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Acid - Base Balance



H+ ions



Regulation by the body with 3 mechanisms



Buffer system



Respiratory system



Renal System



ABG = Arterial blood gases



Obtained through arterial puncture or arterial catheter (radial or 

femoral artery)



Normal values:



pH  = 7.35 – 7.45 (<6.8 or >7.8 Lethal)



PaO2 = 80-100 mmHg (<60 severe hypoxia) – O2 in arterials



PaCO2 = 32-48 mm Hg – CO2 in arterials



HCO

3 

-

= 22-26 mEq/L



SaO2 > 95% - arterial saturation
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Acid - Base Balance

H+ ions

Regulation by the body with 3 mechanisms

Buffer system

Respiratory system

Renal System

ABG = Arterial blood gases

Obtained through arterial puncture or arterial catheter (radial or femoral artery)

Normal values:

pH  = 7.35 – 7.45 (<6.8 or >7.8 Lethal)

PaO2 = 80-100 mmHg (<60 severe hypoxia) – O2 in arterials

PaCO2 = 32-48 mm Hg – CO2 in arterials

HCO3 - = 22-26 mEq/L

SaO2 > 95% - arterial saturation
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-The body normally maintains a steady balance between acids produced during metabolism and bases that neutralize and promote the excretion of the acids.  

-H+ (hydrogen ion) concentration determines acidity or alkalinity (↑ acidity and ↓alkalinity)

-Ph is a reflection of the H+ ions in the blood



Regulation-

1.) Buffer

- immediate

Chemically change strong acid into weaker acid or bind them to neutralize it

Minimize acid until excreted from body by lungs or kidneys

2.) Resp.

CO2 is excreted by lungs	 ↑ RR expels more CO2 (hyperventilation)

Controlled by medulla in brainstem  ↓ RR retains CO2 (hypoventilation)

Take minutes

3.) Renal

Kidney reabsorbs and generates HCO3 (bicarbonate) to eliminate excess H+ and excrete in urine

Kidneys (take 2-3 days to compensate)





Acid - Base Balance






