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COURSE DESCRIPTION:
This course provides the student with lecture and audiovisual presentation of material essential to the understanding of acid/base physiology and arterial blood gas interpretation. Emphasis is placed upon Arterial Blood Gas (ABG) sampling technique, quality assurance, basic chemistry as related to acid/base balance, evaluation of oxygen transport, and the role of the respiratory and renal systems in maintenance of homeostasis. Upon completion, the student should be able to demonstrate appropriate psychomotor skills and cognitive abilities for the fundamental concepts of acid/base balance and regulation of homeostasis by the respiratory and renal systems. CORE
CONTACT/CREDIT HOURS 

Theory Credit Hours  
  

1 hour
Lab Credit Hours



1 hour  

Total Credit Hours 



2 hours
NOTE: Theory credit hours are a 1:1 contact to credit ratio.  Colleges may schedule lab hours as 3:1 and/or 2:1 contact to credit ratio.  Clinical hours are 3:1 contact to credit ratio. (Ref Board Policy 705.01)

PREREQUISITE COURSES 
As determined by college.
CO-REQUISITE COURSES 
As determined by college.
PROFESSIONAL COMPETENCIES

· Comprehend the basic skills of blood gas sampling.
· Comprehend the enhanced skills of blood gas classification.
· Recognize and describe the effects of blood gas sampling errors.
· Comprehend the enhanced skills of blood gas quality insurance and quality control procedures.
· Comprehend the basic physiology principles of oxygen and acid-base homeostasis.
· Explain how to assess and treat hypoxemia, hypoxia, and shunting.
· Identify the causes and treatments of electrolyte and acid-base disturbances.
INSTRUCTIONAL GOALS

· Cognitive – Comprehend the indications of blood gas sampling and analysis, and acid-base regulation as it relates to the pathophysiology of patients.
· Psychomotor – Apply principles of proper blood gas sampling and analysis techniques.
· Affective – Value the importance of quality patient assessment and arterial blood gas analysis as it relates to improving the quality of life and patient care.
STUDENT OBJECTIVES

Condition Statement:  Unless otherwise indicated, evaluation of student’s attainment of objectives is based on knowledge gained from this course.  Specifications may be in the form of, but not limited to, cognitive skills diagnostic instruments, manufacturer’s specifications, technical orders, regulations, national and state codes, certification agencies, locally developed lab/clinical assignments, or any combination of specifications.

STUDENT LEARNING OUTCOMES
	MODULE A – Blood Gas Sampling

	MODULE DESCRIPTION – The purpose of this module is to teach the students the basic skills of blood gas sampling techniques. Topics include site selection, infection control measures, puncture technique, and sample handling.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	A1.0
Comprehend the basic skills of blood gas sampling.
	A1.1
This module is measured cognitively and through computer software simulation.
	3

	LEARNING OBJECTIVES 
	KSA

	A1.1.1
Identify the clinical data that indicates the need for arterial blood gas sampling.
A1.1.2   Select the appropriate equipment used during blood sampling.

A1.1.3   Explain the appropriate infection control measures to be used during blood gas sampling.

A1.1.4   Select the appropriate puncture or sampling site based on the patient’s clinical condition and accessibility.

A1.1.5   Describe the proper technique used to obtain a blood gas sample.

A1.1.6   Describe the techniques used when handling a blood gas sample.
A1.1.7   Identify the patient information that should be documented during blood gas sampling.
	3
3

3

3

3

3

3

	MODULE A OUTLINE:
· Arterial blood gas sampling indications

· Patient diagnosis

· Management of effectiveness of therapy

· Equipment used during blood gas sampling

· Infection control measures
· Physiologic criteria for ABG site selection

· Allen’s vs. Modified Allen’s test

· Puncture site sampling techniques and complications
· Radial artery

· Brachial artery

· Femoral artery
· Axillary artery

· Ulnar artery

· Dorsalis pedis artery

· Superficial temporal artery

· 45◦ vs. 90◦ angle

· Anticoagulants and thrombolytics

· Arterial vs. venous blood
· Arterial lines

· Indications

· Catheter insertion

· Arterial line sampling

· Arterial line systems

· Complications, hazards, and troubleshooting

· Capillary blood gas sampling

· Indications

· Complications

· Contraindications

· Sample handling
· Room air vs. iced samples

· Documentation 


	MODULE B – Blood Gas Classification 

	MODULE DESCRIPTION – The purpose of this module is to teach the students the enhanced skills of blood gas classification. Topics include acid-base status, acid-base disturbances, oxygenation status, compensation assessment, and complete blood gas classification.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	B1.0
Comprehend the enhanced skills of blood gas classification.
	B1.1
This module is measured cognitively and through computer software simulation.
	3

	LEARNING OBJECTIVES 
	KSA

	B1.1.1
Describe acid-base status as it relates to pH assessment.
B1.1.2   Identify the four primary acid-base disturbances.

B1.1.3   Explain how to determine compensation assessment.
B1.1.4   Identify oxygenation status and explain PaO2 classification.

B1.1.5   Explain how to determine complete blood gas classification. 
	3
3

3

3

3

	MODULE B OUTLINE:
· Acid-base status

· pH assessment

· Clinical significance of pH

· Clinical manifestations of abnormal pH

· Classification of pH

· Primary acid-base disturbances
· Respiratory acid-base status

· PaCO2 classification

· Inverse relationship (PaCO2-pH)

· Metabolic acid-base status

· HCO3 classification

· Direct relationship (HCO3-pH)

· Base excess [BE] assessment

· Compensation assessment

· Uncompensated acid-base disturbance

· Partially compensated acid-base disturbance

· Completely compensated acid-base disturbance

· Oxygenation status

· PaO2 classification

· Normoxemia

· Hyperoxemia

· Hypoxemia 
· Mild

· Moderate

· Severe

· Efficiency of Oxygen Uptake

· Normal FIO2 relationship

· PaO2/FIO2 (Oxygenation Ratio)

· Complete blood gas classification


	MODULE C – Blood Gas Sampling Errors

	MODULE DESCRIPTION – The purpose of this module is to teach the students the basic skills of blood gas sampling errors. Topics include basic physics of gases, potential sampling errors, and measurements of blood gases and electrolytes from a single sample.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	C1.0
Recognize and describe the effects of blood gas sampling errors.
	C1.1
This module is measured cognitively and through computer software simulation.
	3

	LEARNING OBJECTIVES 
	KSA

	C1.1.1
Describe the basic physical principles of gases.
C1.1.2   Identify potential sampling errors and their effects on blood gas classification.

C1.1.3   Explain the effects of measurement of blood gases and electrolytes from a single sample.
	3
3

3

	MODULE C OUTLINE:
· Basic physics of gases
· Molecular behavior

· Fractional concentration

· Partial pressure

· Symbols

· Composition of atmospheric and alveolar air

· Humidification

· External respiration

· Body temperature and pressure saturated

· Temperature, pressure, and volume

· Gases and liquids

· Changes in altitude

· Potential sampling errors

· Effects of air contamination in blood sample

· Venous sampling or admixtures

· Precautions

· Recognition of venous error

· Anticoagulant effects

· Metabolism

· Qualitative effects of metabolism

· Quantitative effects of metabolism

· Plastic vs. glass syringes

· Icing blood gas samples

· Alterations in temperature

· Quantitative effects of alterations in temperature

· Correction of temperature of blood gases

· Machine temperature error

· Measurement of blood gases and electrolytes from a single sample

· Anticoagulant errors

· Transporting/icing samples


	MODULE D – Blood Gas Quality Assurance and Quality Control

	MODULE DESCRIPTION – The purpose of this module is to teach the students how to properly utilize blood gas electrodes and ensure quality assurance and control procedures when performing blood gas analysis. Topics include blood gas electrode electrical principles, quality insurance, quality control, continuous monitoring procedures of blood gases, and point-of-care testing.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	D1.0
Comprehend the enhanced skills of blood gas quality assurance and quality control procedures.
	D1.1
This module is measured cognitively.
	3

	LEARNING OBJECTIVES 
	KSA

	D1.1.1
Explain the basic electrical principles of blood gas electrodes.
D1.1.2   Explain how to ensure quality assurance procedures within a blood gas laboratory.
D1.1.3   Explain how to ensure quality control procedures within a blood gas laboratory.

D1.1.4   Describe the techniques used to continuously monitor blood gases.

D1.1.5   Explain how to perform point-of-care testing.

D1.1.6   Describe the regulation and accreditation standards requirements for blood gas laboratories.
	3
3

3

3

3

3



	MODULE D OUTLINE:
· Blood gas electrodes

· Basic electrical principles

· Voltage

· Current

· Ohm’s Law

· Electrical cell systems

· Half-cells

· PaO2 electrode

· pH electrode

· PCO2 electrode

· Accuracy of electrodes

· Quality assurance

· Nonanalytical error

· Preanalytical error

· Postanalytical error

· Analytical error
· Preventative maintenance

· Calibration

· Quality control

· Internal quality control

· External quality control

· Statistics

· Mean

· Standard deviation

· Coefficient of variation

· Principles of materials

· Controls

· Control limits

· Levey-Jennings control charts

· Westgard Rules

· Electrode drift

· Types of controls

· Continuous monitoring of blood gases

· Transcutaneous techniques
· Continuous intra-arterial blood gases

· Technical issues

· Point-of-care testing

· Regulations and laboratory accreditation standards


	MODULE E – Basic Physiology of Oxygen and Acid-Base Homeostasis

	MODULE DESCRIPTION – The purpose of this module is to teach the students the basic physiology principles of oxygen and acid-base homeostasis. Topics include oxygenation and external respiration, oxygen transport and internal respiration, and acid-base homeostasis.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	E1.0
Comprehend the basic physiology principles of oxygen and acid-base homeostasis.
	E1.1
This module is measured cognitively.
	3

	LEARNING OBJECTIVES 
	KSA

	E1.1.1
Explain the basic principles of oxygenation and external respiration.
E1.1.2   Explain the basic principles of oxygen transport and internal respiration.
E1.1.3   Explain the basic principles of acid-base homeostasis.
	3
3

3

	MODULE E OUTLINE:
· Oxygenation and external respiration

· Cardiopulmonary system

· Steps in tissue oxygenation

· Cardiopulmonary interaction

· Hypoxemia vs. hypoxia

· External respiration

· Ventilation

· Ventilation-perfusion matching

· normal distribution of pulmonary perfusion

· normal distribution of ventilation

· abnormal distribution of pulmonary perfusion

· abnormal distribution of ventilation

· Deadspace and shunting

· Diffusion

· Equilibration

· Surface area

· Oxygen transport and internal respiration

· Blood oxygen compartments

· Dissolved oxygen

· Combined oxygen

· Hemoglobin

· Saturation

· Oxyhemoglobin dissociation curve

· Oxygen content

· Arterial oxygen content

· Mixed venous oxygen content

· Arteriovenous oxygen content difference
· Cyanosis

· Quantitative oxygen transport

· Dissolved oxygen transport

· Combined oxygen transport

· Total oxygen transport

· Hemoglobin abnormalities

· Carboxyhemoglobin

· Fetal hemoglobin

· Methemoglobin

· Hemoglobin S

· Internal respiration

· Cellular oxygen supply

· Cellular oxygen utilization

· Acid-base homeostasis

· Hydrogen ions and pH

· Free hydrogen ions

· pH

· Relationship between pH and [H+]

· Acid-base balance

· Acids

· Bases

· pH homeostasis

· Acid homeostasis

· Base homeostasis

· The lungs and regulation of volatile acids

· Underlying chemistry

· Chemical equilibrium

· Law of Mass Action

· Hydrolysis reaction

· Direct relationship between CO2 and [H2CO3]

· CO2 homeostasis

· CO2 production

· CO2 excretion

· CO2 transport

· Dissolved CO2
· Carbonic acid

· Bicarbonate 

· Carbamino compounds

· The kidneys and acid-base balance

· Regulation of fixed acids in the blood

· Regulation of bicarbonate concentration in the blood

· Buffer systems

· Buffer solutions

· Blood buffers

· Henderson-Hasselbach equation


	MODULE F – Assessment and Treatment of Hypoxemia, Hypoxia, and Shunting

	MODULE DESCRIPTION – The purpose of this module is to teach the students how to assess and treat hypoxemia, hypoxia, and shunting. Topics include assessment techniques used to assess patients for hypoxemia, hypoxia, and shunting, and therapeutic interventions used to treat these conditions.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	F1.0
Explain how to assess and treat hypoxemia, hypoxia, and shunting.
	F1.1
This module is measured cognitively.
	3

	LEARNING OBJECTIVES 
	KSA

	F1.1.1   Explain how to assess a patient with hypoxemia and shunting.
F1.1.2   Explain how to treat a patient with hypoxemia and shunting.

F1.1.3   Explain how to assess and treat a patient with hypoxia.
	3
3

3

	MODULE F OUTLINE:
· Assessment of Hypoxemia
· Effects of cardiac output on PaO2
· Changes in cardiac output or shunting

· Decreased cardiac output with a normal shunt

· Increased shunting with normal cardiac output

· Decreased cardiac output with an increased shunt

· Increased cardiac output with an increased shunt

· Mechanism of decreased PvO2 

· Assessment of physiologic shunting

· Indices of physiologic shunting

· Classic shunt equation

· Estimated shunt equations

· P(A-a)O2
· PaO2/PAO2 
· PaO2/FIO2 
· Differential diagnosis of hypoxemia

· Hypoventilation

· Hypoventilation with increased shunting

· Hypoventilation, secondary to hemodialysis

· Absolute shunting

· Capillary shunting

· Anatomic shunting

· The 100% O2 test

· Relative shunting

· Diffusion defects

· Effects of altitude and air travel in hypoxemia

· Clinical appearance of the patient with hypoxemia/hypercapnia

· Treating acute hypoxemia

· Oxygen therapy

· High-flow systems

· Low-flow systems

· Excessive oxygen therapy
· High FIO2 levels

· High PaO2 levels

· Mechanical ventilation

· Acute lung injury/acute respiratory distress syndrome

· Acute respiratory distress syndrome/ARDS Net

· Open lung approach

· Permissive hypercapnia

· PaO2 targets and permissive hypercapnia

· Positive end-expiratory pressure (PEEP)

· Definition and waveforms

· Indications

· Mechanism of effectiveness

· Complications

· Decreased cardiac output

· Decreased renal function/urine output

· Decreased venous return

· Pulmonary barotrauma

· Deterioration of ventilation-perfusion ratio

· Increased intracranial pressure (ICP) and decreased cerebral perfusion pressure (CPP)
· Nitric oxide

· Long-term oxygen therapy

· Assessment and treatment of hypoxia

· Arterial oxygen variables
· PaO2
· SaO2
· Blood hemoglobin concentration

· Anemia

· Laboratory diagnosis of anemia

· Types of anemia

· Anemia and hypoxia

· Blood transfusions

· Circulatory status

· Cardiac output

· Shock

· Hemodynamic monitoring

· Key indicators of hypoxia

· Lactate

· Mixed venous oxygenation indices

· Mixed venous oxygen saturation

· Mixed venous oxygen partial pressure

· Oxygen uptake and utilization


	MODULE G – Acid-Base Disturbances Causes and Treatments 

	MODULE DESCRIPTION – The purpose of this module is to teach the students the enhanced skills of regulation of acids, bases, and electrolytes; differential diagnosis of acid-base disturbances; and mixed acid-base disturbances and treatment. Topics include renal function, body fluids and electrolytes, and causes and treatments of each acid-base disturbances.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	G1.0
Identify the causes and treatments of electrolyte and acid-base disturbances.
	G1.1
This module is measured cognitively and through computer software simulation.
	3

	LEARNING OBJECTIVES 
	KSA

	G1.1.1
Explain how ventilation and kidney function regulate body fluids, electrolytes, and acid-base disturbances.

G1.1.2   Identify the causes and physiological responses of the primary acid-base disturbances.

G1.1.3   Identify mixed acid-base disturbances.
G1.1.4   Explain how to treat acid-base disturbances.
	3

3

3

3

	MODULE B OUTLINE:
· Regulation of ventilation
· Chemoreceptors

· Central chemoreceptors

· Peripheral chemoreceptors

· Chemoreceptor interactions

· Reflexes

· Hering-Breuer reflex

· J receptors

· Renal Function

· Macroscopic anatomy and physiology

· Microscopic anatomy and physiology

· Urine formation

· Glomerular filtration

· Tubular filtration

· Tubular secretion

· Body fluids and electrolytes

· Fluid compartments

· Electrolytes

· Electrolyte distribution

· Plasma electrolytes

· Major plasma cations

· Sodium

· Potassium

· Calcium

· Magnesium

· Sodium regulation in the kidneys

· Chemical mechanisms

· NaCl mechanism

· NaHCO3 mechanism

· Renin-angiotensin system

· Total sodium reabsorption

· Regulation of [HCO3]

· Diuretics

· Interference with NaCl reabsorbtion

· Interference with NaHCO3 reabsorption

· Hyperaldosteronism

· Secondary hyperaldosteronism

· Primary hyperaldosteronism

· Urinary buffers and H+ excretion

· Ammonia

· Phosphate

· Plasma pH and [K+]

· Law of electroneutrality

· Principle of electroneutrality

· Hypochloremic metabolic alkalosis

· Anion gap

· Hyperchloremic metabolic acidosis

· High anion gap acidosis

· Hypoalbuminemia and the anion gap

· Respiratory acidosis

· Physiologic response to respiratory acidosis (hypercapnia)

· Common causes 

· Chronic obstructive pulmonary disease (COPD)

· Oxygen excess in COPD

· Drugs

· Extreme ventilation-perfusion mismatch

· Exhaustion

· Neuromuscular disorders

· Iatrogenic respiratory acidosis

· Neurologic disorders

· Excessive CO2 production

· Respiratory alkalosis

· Physiologic response to respiratory alkalosis (hypocapnia)
· Neurologic response

· Cardiovascular response

· Overall appearance

· Common causes

· Hypoxemia

· Overzealous mechanical ventilation

· Restrictive lung disease

· Neurologic disorders

· Shock/decreased cardiac output

· Metabolic acidosis

· Physiologic response to metabolic acidosis 

· Common causes

· High anion gap metabolic acidosis
· Normal anion gap metabolic acidosis

· Metabolic alkalosis

· Physiologic response to metabolic alkalosis

· Common causes

· Hypokalemia
· Ingestion of large amounts of alkali or licorice

· Gastric fluid loss

· Hyperaldosteronism secondary to nonadrenal factors

· Bicarbonate administration

· Adrenocortical hypersecretion

· Steroids

· Eucapnic ventilation posthypercapnia

· Recognition of mixed acid-base disturbances

· Compensatory patterns

· Acid-base treatment

· Supportive vs. corrective

· Respiratory acidosis

· Spontaneous breathing

· Mechanical ventilation

· Respiratory alkalosis

· Spontaneous breathing

· Mechanical ventilation

· Metabolic acidosis

· Sodium bicarbonate administration

· Cardiac arrest and sodium bicarbonate therapy

· Complications of sodium bicarbonate therapy

· Alternatives to sodium bicarbonate therapy

· Metabolic alkalosis

· Mild-to-moderate metabolic alkalosis

· Severe metabolic alkalosis


LEARNING OUTCOMES Table of specifications

The table below identifies the percentage of learning objectives for each module.  Instructors should develop sufficient numbers of test items at the appropriate level of evaluation. 
	
	Limited Knowledge and Proficiency
	Moderate Knowledge and Proficiency
	Advanced Knowledge and Proficiency
	Superior Knowledge and Proficiency

	KSA
	1
	2
	3
	4

	Module A
	
	
	100%
	

	Module B
	
	
	100%
	

	Module C
	
	
	100%
	

	Module D
	
	
	100%
	

	Module E
	
	
	100%
	

	Module F
	
	
	100%
	

	Module G
	
	
	100%
	


The KSA is NOT determined by the verb used in the learning objective, but rather in the context in which the verb is used and the depth of knowledge and skills required. 
Example: Three KSA levels using the same verb (describe):
KSA 1 – Describe three characteristics of metamorphic rocks. (simple recall)

KSA 2 – Describe the difference between metamorphic and igneous rocks. (requires cognitive processing to determine the differences in the two rock types)

KSA 3 – Describe a model that you might use to represent the relationships that exist within the rock cycle. (requires deep understanding of rock cycle and a determination of how best to represent it)

	Learner’s Knowledge, Skills and Abilities

	Indicator
	Key Terms
	Description

	1

Recall & Reproduction
	Limited Knowledge and Proficiency
	· Identifies basic facts and terms about the subject or competency.

· Performs simple tasks associated with the competency.  Needs to be told or shown how to do most tasks.  

· Requires close supervision.

	2

Skills & Concepts
	Moderate Knowledge and Proficiency
	· Identifies relationship of basic facts and states general principles and can determine step-by-step procedures for doing the competency.

· Performs most parts of the competency.  Needs help only on hardest parts.  

· Requires limited supervision.

	3

Strategic Thinking
	Advanced Knowledge and Proficiency
	· Analyzes facts and principles and draws conclusions about the subject to include why and when the competency must be done and why each step is needed.  Can predict outcomes.

· Performs all parts of the competency.  Needs only a spot check of completed work.  

· Requires little or no direct supervision.

	4

Extended Thinking
	Superior Knowledge and Proficiency
	· Can evaluate conditions and make appropriate decisions as related to resolving problems. 

· Performs competency quickly and accurately with no direct supervision and is able to instruct and supervise others.  

	A
Attitudes and Motivation
	Affective Objective
	· Describes learning objectives that emphasize a feeling tone, an emotion, or a degree of acceptance or rejection.  

· Objectives vary from simple attention to selected phenomena to complex but internally consistent qualities of character and conscience. 

· Expressed as interests, attitudes, appreciations, values, and emotional sets or biases.
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