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Course Description:
This is the third course in the curriculum sequence to study the theory and practice of respiratory care. Topics include cardiopulmonary diagnostics and monitoring, special procedures (i.e. bronchoscopy and thoracentesis), critical care pharmacology, home care, cardiopulmonary rehabilitation and advanced management for the patient requiring mechanical ventilation. 


Prerequisites: Prerequisites: BI217 Human Anatomy & Physiology 2, RC112 Principles of Respiratory Care 2, RC115 Cardiopulmonary Diseases, and RC131 Clinical Practicum 1. 

Corequisites: RC232 Clinical Practicum 2, or Program Coordinator consent. Minimum grade of “C” required.
Course Student Learning Outcomes. 

Student Outcomes/Learning objectives for the lecture topics. Laboratory topic objectives are included at the end of each lab handout. 

Lecture: Pulmonary Function Testing

The student will:

1.
Perform the procedures, analyze the data, interpret results, determine pathological state, and perform quality assurance for simple pulmonary function spirometry/screening.


a.
Explain the difference between direct and indirect spirometry.  


b.
State the lung volumes and capacities that may be measured by direct and 



indirect spirometry


c.
Identify if the spirometry tracing meets ATS-ACCP criteria.


d. 
State the requirements for test repetition, acceptability, and reproducibility.  


e.
State the methods of selecting the data to be reported, including selection of 



the best test.


f.
Identify normal and abnormal breathing mechanics in a spirometry tracing.  


g.
State the most significant lung volumes and lung volume relationships for 



evaluating the effects of pulmonary disorders.  


h.
Describe test results indicative of obstructive and restrictive lung disorders.


i
State the disorders that may result in an obstructive, restrictive and mixed 



pattern of PFT changes. 


j
Explain assigning severity labels for pulmonary disorders.  

2.
Perform the procedures, analyze the data, interpret results, determine pathological state, and perform quality assurance for flow volume loops:


a.
Describe the technique and diagnostic value of flow-volume loops.


b.
Identify the inspiratory and expiratory portion of a flow-volume loop.


c. 
Analyze flow volume loops, identifying those associated with certain disorders.  

3.
Perform the procedures, analyze the data, interpret results, determine pathological state, and perform quality assurance for pre and post bronchodilator studies:


a.
Identify and calculate parameters associated with pre and post 





bronchodilator studies.


b.
Explain the diagnostic value of pre and post bronchodilator studies.


c.
Explain the procedure, perform the test, correctly interpret procedure results 



and recommend changes in the patient’s respiratory care plan where appropriate.  


d.
State the ATS-ACCP guidelines for defining airway reversibility.  


e.
State the amount of reduction in a subjects FEV1% value that can indicate that a bronchodilator benefit study would be useful.  


f.
State the guidelines for having the subject abstain from certain medications 



prior to administration of a bronchodilator benefit study.  


g.
Describe the administration of a bronchodilator benefits study in terms of 



pretest, bronchodilator administration, and retest that must be performed.  


h.
Identify what constitutes significant improvement after administration of a 



bronchodilator.  

4.
Perform the procedures, analyze the data, interpret results, determine pathological state, and perform quality assurance for lung volume studies and pulmonary mechanics determinations:


a.
Discuss methods/procedures used in lung volume determination including: body plethysmography, nitrogen washout and helium dilution testing.


b.
Identify factors that will influence lung volume measurements when utilizing 



helium dilution and/or nitrogen washout.


c.
Define “the hidden lung volume”


d.
State the effect of restrictive and obstructive lung disease on various lung 



volumes and pulmonary function parameters.


e.
Explain the operation of the body plethysmograph (including the gas law 



which governs operation).  


f.
Define thoracic gas volume.


g.
Using a body plethysmograph, determine airway resistance/conductance  



and elastic recoil pressure/compliance.  


h. 
Describe the method and calculations used for determining airway resistance.


i.
Describe the interpretive significance of an airway resistance test and its 



related parameters.  


j.
State normal values for airway resistance and related parameters. 


k. 
Describe the effects of restrictive and obstructive pulmonary disorders on 



airway resistance test results.


l. 
Explain the concepts of elastic recoil pressure, compliance, and dynamic 



compliance and state their normal values.    


m.
Describe the technique for administering tests and the calculations used for 



determining the following: elastic recoil pressure, lung compliance, total 



lung/thoracic compliance, thoracic compliance, dynamic compliance.  


n.
Explain the concepts of specific compliance and frequency dependant of 



compliance.  


o.
Describe the effects of restrictive and obstructive pulmonary disorders on 



compliance test results.

5.
Perform the procedures, analyze the data, interpret results, determine pathological state, and perform quality assurance for low density gas spirometry studies:


a.
Explain the basic principle upon which low density gas spirometry is based.


b.
Determine volume of isoflow.


c.
Describe the equipment used for test administration.


d.
Describe the method of interpreting test results.


e.
State the normal values for the volume of isoflow and the change in flowrate at 50% vital capacity.


f.
Describe the effects of pulmonary disorders on the volume of isoflow and changes in the flow rate at 50% of vital capacity.  


6.
Perform the procedures, analyze the data, interpret results, determine pathological state, and perform quality assurance for pulmonary gas diffusion studies:


a
Explain the rational for and describe the procedure for pulmonary gas 




diffusion studies.


b
State two physiologic properties that a gas used for measuring diffusing 



capacity must have and the two gases used to measure diffusing capacity.  


c.
Describe the properties that make carbon monoxide an ideal gas for 




measuring diffusion capacity. 


d
List indications for and hazards/complications of performing pulmonary gas 



diffusion studies.


e.
Explain the clinical significance of fractional carbon monoxide uptake.  


f.
State the three methods that may be used to measure carbon monoxide 




diffusing capacity.  


g.
State the advantages/disadvantages and normal values for the single breath, steady-state and rebreathing tests for carbon monoxide diffusing capacity.  


h.
Describe the method used for determining membrane diffusing capacity and 



the pulmonary capillary red blood cell volume.  


i.
State requirements for test acceptability, repetition and reproducibility as 



they 
relate to carbon monoxide diffusing capacity.  


j.
Calculate a value for oxygen diffusing capacity from a value for carbon 



monoxide diffusing capacity.


k.
State guidelines for determining whether results of a carbon monoxide 




diffusing capacity test are within normal range for a subject.  


l.
Describe the assignment of severity to the results of a carbon monoxide 



diffusing capacity test.  

7.
Perform the procedures, analyze the data, interpret results, determine pathological state, and perform quality assurance for maximal voluntary ventilation (MVV) studies:


a.
Explain the procedure and normal values for Maximum Voluntary Ventilation.


b.
Approximate the value of MVV given a FEV1.


c.
State the required time frame for test performance according to ATS-ACCP 



guidelines. 


d.
State the requirements for test repetition, acceptability and reproducibility.


e.
Describe the interpretive significance of MVV testing.  


f.
Describe the effects of restrictive and obstructive pulmonary disorders on 



test results.  















8.
Perform the procedures, analyze the data, interpret results, determine
pathological state, and perform quality assurance for bronchial provocation testing:


a.
Explain the indications, hazards and complications associated with bronchial provocation testing.


b.
Describe various methods of bronchial provocation testing and the bronchoactive substances most often used.  


c.
Describe the testing procedures and the dose administration patterns for  



bronchial provocation studies.


d.
State the pulmonary function parameters that can be used to evaluate the 



effects of a bronchoactive substance and the % change in these parameters 



that is significant.  


e.
Describe the evaluation of test results from a bronchial provocation study.


f.
Describe the administration of an antigen challenge study.  


g.
Describe tests used to evaluate exercise induced asthma.


h.
Differentiate between impairment and disability when administering PFT tests.


i.
State the purpose and process for studies to document impairment/disability.  

9.
Perform the procedures, analyze the data, interpret results, determine pathological state, and perform quality assurance for a 6 minute walk test.

10.
Describe the process involved in test quality assurance for PFT’s including equipment maintenance, calibration and quality control.

Lecture: Cardiac Diagnostics

The student will:

1.
Identify the key components of the electric conduction system of the heart and the 
role of each component.

2.
Define depolarization and repolarization.

3.
List three properties unique to myocardial cells.

4.
Auscultate the heart to determine the presence of normal heart sounds, murmurs and rhythms  

5.
Identify the S1, S2, S3, and S4 heart sounds and explain what physiologic event 
creates each sound.

6.
Identify the causes of various heart murmurs and identify them when heard.  

7.
Identify the specific heart activity associated with each ECG wave 

8.
Identify all aspects of an ECG tracing including the: P wave, P-R interval, QRS complex, QRS interval, T wave, S-T segment, Q-T interval, U wave.

9.
Indicate the normal time intervals associated with ECG wave/interval.

10.
List the 5 criteria to determine if a normal sinus rhythm exists.  

11.
Explain the clinical value of performing a 12 lead ECG.  

12.
Identify the standard ECG leads and identify what heart aspect each lead examines.  

13.
Identify clinical findings that indicate the need for an ECG tracing.

14.
Given an ECG tracing, determine the heart rate.

15.
Interpret the results of an ECG including: normal sinus rhythm, sinus arhythmia, sinus tachycardia, sinus bradycardia, sinus pause, sinus arrest, PAT, PAC, atrial tachycardia, supraventricular tachycardia, atrial dysrthymias, atrial flutter, atria fibrillation, junctional rhythms, EMD, A-V block, Mobitz type I, Mobitz type II, complete A-V block, idioventricular rhythms, PVC, ventricular tachycardia, ventricular fibrillation, ventricular asystole.

16.
Explain the etiology and treatment associated with each cardiac disturbance 
mentioned above.  

17.
Identify cardiac medications that can be delivered (instilled) via the endotracheal route.

18.
Identify ECG tracings associated with chronic lung disease.  

19.
Explain the defibrillation process and identify when defibrillation is indicated.  

20.
Identify the presence of cardiac pacemakers on an ECG tracing.  

21.
Explain the difference between different types of cardiac pacemakers.  

22.
Explain the purpose of echocardiography.  

23.
Define the term ejection fraction, indicating normal values.

24.
Identify cardiac pathology that can cause abnormal ejection fractions.  

25.
Explain the difference between invasive and non-invasive cardiac stress testing, 
providing examples of each.  

26. 
Identify medications/processes associated with non-invasive cardiac stress testing, discussing advantages/indications for each method. 

27. 
Discuss cardioversion process, indications and complications/hazards.

28.    Explain how to assist the physician who is performing cardioversion.

Lecture: Cardio-Pulmonary Radiology


The student will:

1.
Define the key characteristics of a normal adult, pediatric and neonatal 


chest x-ray

2. Ascertain the presence of selected abnormalities on a chest x-ray and discuss their clinical significance.

3. Inspect a chest x-ray to determine: presence of/changes in pneumothorax/subcutaneous emphysema or other extra-pulmonary air; presence of/changes in consolidation and/or atelectasis; position of chest tube(s); presence and position of foreign bodies, position of/changes in hemi diaphragms;  presence of/changes in hyperinflation; presence of/changes in pleural fluid; presence of/changes in pulmonary edema; patency of/changes in mediastinal shift; position of endotracheal or tracheostomy tube; evidence of endotracheal or tracheostomy tube cuff hyperinflation; pulmonary infiltrates, and discuss their clinical significance; and discuss the clinical significance.     

4. Inspect a upper airway and/or lateral neck x-ray to determine: presence 

 epiglottitis; presence of subglottic edema; presence of/position of foreign bodies.

5. Inspect a ventilation/perfusion scan, interpret the results and develop a respiratory care plan as appropriate.  


6. Recommend and review chest x-rays when clinically appropriate.

Lecture: Ventilator Alarm Troubleshooting

The student will:

1.     List 8 possible alarms present on modern mechanical ventilators.

2.     Identify possible causes for specific ventilator alarm activation.

3.     Determine the cause of ventilator alarm activation by performing systematic 

        patient and equipment assessment.

   4.    Perform appropriate corrective action for specific patient and ventilator problems that cause   alarm activation.
Lecture: Critical Care Monitoring

The student will:

1. Discuss the normal anatomy and physiology of the cranium as it relates to ICP monitoring.

2. Calculate the cerebral perfusion pressure.

3. List the indications for the insertion of an ICP monitor.

4. Describe the interventions utilized to lower ICP. 

5. Identify patients who may benefit from the insertion of an IABP.

6.   Discuss the mechanism of action for the IABP as it relates to afterload and preload.
7.   List the most common sedatives and analgesics used in the treatment of the critically ill patient.

8.  Describe the most scales for assessing the need for sedation.

9.  Discuss the mode of action of depolarizing and depolarizing paralytics.

10. Identify drugs utilized for paralysis.
Lecture: PEEP

The student will:

1.         Identify terminology and pressure tracings associated with PEEP, CPAP, EPAP and PEP therapies.
2.
Distinguish between different threshold resistor and flow/orificial resistor PEEP devices.  List an example of each type of device.
3.
Incorporate a Bennett PEEP valve onto a MA-1 ventilator and set it to provide assisted PEEP.
4.
Identify indications for PEEP, clinical conditions that may benefit from PEEP, and detrimental effects of PEEP.
5.
Demonstrate how to properly institute and adjust PEEP and CPAP levels on an adult  patient through a mechanical ventilator.
6.
Given case scenarios, appropriately recommend adjustment of the PEEP and FIO2 levels according to established guidelines.
7.

Distinguish between Best and Optimum PEEP, describing how each is accomplished.
8.

Describe how PEEP can be titrated with a Pressure-Volume ventilator graphic.  
9.

Define the term Auto PEEP.
10.

Describe the etiology and possible physiologic consequences of Auto PEEP.
11.
Recognize and measure the amount of Auto PEEP using appropriate ventilator graphic displays.  
12.

Identify ventilator adjustments that can minimize the effects of Auto PEEP. 
13.
Set-up an external adult CPAP assembly, including all essential elements and recommend flow rates to be used for this system.
14.
Describe three approaches to positive airway pressure therapy to the spontaneous breathing patient without an artificial airway.  
15.  
Discuss the differences between PEP, EPAP and CPAP therapy when used to enhance lung expansion in the spontaneous breathing patient without an artificial airway.

16. 
List and discuss indications/potential contraindications to and hazards/complications of positive airway pressure therapy without and artificial airway.

17.       Indicate planning necessary, procedures, monitoring and troubleshooting for positive pressure therapy without an artificial airway. 
Lecture: Ventilator Graphics

The student will:
1.   
Identify ventilator graphics available and compare with patients current status.

2.   
Describe procedures to determine the pressure/volume or flow volume waveforms.

3.  
 Interpret ventilator pressure/volume or flow/volume loop graphics.

4.   
Assess the patient’s work of breathing.

5.  
Determine the presence of auto-PEEP.

6.  
Interpret graphics for plateau pressure, lung compliance, airway resistance, over distension and optimal PEEP/tidal volume

Lecture: Home Care

The student will:

1.
List the Medicare requirements for home oxygen reimbursement.

2.
Determine ideal patient therapeutic goals of respiratory home care.

3.
Monitor/maintain, perform preventive maintenance & infection control measures, and provide patient education for respiratory care equipment used in the home environment including: oxygen delivery appliances, oxygen conserving devices, apnea monitors, chest compression vests, peak flowmeters, and CPAP/BiPAP equipment.  

4. Perform apnea monitoring and interpret apnea monitoring results.

5. Describe guidelines for home care of the ventilator-dependent patient as proposed by the American College of Chest Physicians. 

6. Describe the use, advantages/disadvantages of various invasive and non-invasive home ventilatory support including:  CPAP, BiPAP, and mechanical ventilation (positive and negative pressure [chest cuirass]). Recommend changes in equipment setting as appropriate under specific patient conditions.

7.
Evaluate patient progress and recommend changes in the patient care plan as appropriate.  

8.
Explain the complexities of home care ventilation, including patient selection, discharge planning, education, and follow-up care.

9.
Explain features typical of home care ventilators for the adult and child.  

10.
Describe the use, maintenance and troubleshoot oxygen conserving devices

11.  Initiate and adjust CPAP and BiPAP therapy as ordered by a physician. 

Lecture: Hemodynamics 

The student will:

1.
Explain the general principles associated with oxygen transport to the 
tissues.

2.
Define the terms external respiration, internal respiration and blood oxygen transport.

3.
Given applicable data, be able to calculate/determine oxygen content 
(in arterial and mixed venous blood), oxygen transport, oxygen consumption and oxygen demand.

4.
Calculate a-v DO2 and interpret values determined.

5.
List three factors that could increase or decrease oxygen consumption.  

6.
Explain the relationship between oxygen consumption and oxygen demand in healthy people.

7. Define oxygen saturation.

8. Explain the consequences of when oxygen demand exceeds oxygen consumption. 

9.
State normal values and explain the inter-relationships between oxygen content, oxygen transport, oxygen consumption, and oxygen demand.

10.
Define SvO2 and state a normal range.

11.
Relate SvO2, PaO2, and PvO2.

12.
Explain the physiologic variables that may have and effect on increasing or decreasing SvO2.

13.
Differentiate between intermittent and continuous monitoring of SvO2.

14.
Explain how specially constructed pulmonary artery catheters are able
to continuously measure SvO2.

15.
List nursing, respiratory care, and physician related procedures or interventions that may effect SvO2.

16.
Review patient records, gather information, perform calculations, and 
interpret results of hemodynamic monitoring (including HR, SAP, PAP, SAP, CO, CI, SV, SI, EF, CVP, PCWP, SVR, PVR, etc.)

17.
Review patient records, gather information, perform calculations, and 
interpret results of volume status(including I and O’s, fluid balance (positive and negative), administration of colloids, crystaloids, lasix, and other substances that may be used to increase or decrease blood volume).  

18.
Review patient records, gather information, perform calculations, and 
interpret results of blood oxygen transport (including CaO2, CvO2, C(a-v)O2, oxygen consumption, oxygen demand, ABG and VBG results and serum lactate levels).  

19.
Identify and correct the malfunction of invasive monitoring techniques including systemic arterial lines, pulmonary arterial lines, and central venous pressure lines.  

20.
Given a PA catheter, identify its component parts, explain the significance of each part, and state the anatomical location in the heart of each component part when the catheter is placed appropriately.  

21.
Compare and contrast a PA catheter and CVP catheter, including relative advantages, disadvantages and information obtained.

22.
Draw and explain the waveform that correlates with advancing a pulmonary artery catheter in correct position.  

23.
Identify the misplacement of a PA catheter based on waveform interpretation. 

24.
Troubleshoot PA catheter patient/equipment problems.

25. 
Explain the hemodynamic principles: preload, afterload, contractility, Starling’s law, ventricular function curves, Optimizing the wedge pressure, titrating fluids/drugs to an end point, obtaining cardiac output by the thermodilution technique.

26.
Define the following terms relating to pharmacology and hemodynamics:  vasoactive, vasoconstrictor, vasodilator, diuretic, positive inotrope, negative inotrope, positive chronotrope, negative chronotrope, volume expander.

27.
Recommend modification of the respiratory care plan based on the patient’s hemodynamic status (including adjustment of the ventilator settings, adjustment of fluid balance, use of vasoactive drugs, insertion of arterial, CVP, and/or PA lines).  

28.
Describe how each of the above interventions impact on hemodynamic status 
(preload, afterload, contractility).

29.
Predict and/or correlate changes in hemodynamic status and oxygenation status, with the basic pathophysiology, differential diagnosis and therapeutic strategies for patients with:  pulmonary edema/CHF, myocardial infarction, ARDS, COPD, sepsis/septic shock, pneumonia, cardiac tamponade/tension pneumothorax, pulmonary emboli, and trauma. 

Lecture: Special Procedures 

The student will:

Assist with tracheostomy:

1.
Identify indications, contraindications and complications of tracheostomy.

2.
Prepare the patient, disinfect the tracheostomy site, set up the sterile field, set up the equipment/supplies (assure proper operation) in preparation for a patient about to have a tracheostomy.  

3.
Assist the physician with placing a tracheostomy tube in an intubated and non-intubated patient.    

4.
Troubleshoot patient and equipment problems during the procedure.  

5.
Measure and maintain the proper cuff pressure and volume in the tracheostomy tube.

6.
Perform the procedural steps involved in changing a tracheostomy tube in an 
emergency and routine situation. 

Assist with Bronchoscopy:

1.
Recommend a bronchoscopy procedure to get additional information on the patient’s condition.

2.
Identify indications, uses, contraindications, hazards, complications and limitations of bronchoscopy. 

3.
Select a fiberoptic or rigid bronchoscope for the planned procedure.

4.
Assemble and assure proper function of a fiberoptic bronchoscope

5.
Troubleshoot and fix bronchoscope problems.

6.
Identify typical duties of the RCP during a bronchoscopy procedure.

7.
Assist with a bronchoscopy for a patient with an artificial airway, without an artificial airway, on and off a mechanical ventilator.  

8.
Assist the physician with obtaining biopsies and suction samples during the bronchoscopy procedure.  

9. Properly respond to patient adverse reactions that occur during a bronchoscopy procedure. 
Assist with Thoracentesis:

1.
List indications, contraindications, hazards and complications of a thoracentesis.

2.
Prepare the patient, disinfect the puncture site, set up the sterile field, and set up the equipment/supplies (assure proper operation) in preparation for a patient about to have a thoracentesis.

3.
Assist with the thoracentesis procedure (including removal of pleural fluid).  

4.
Properly respond to patient and equipment problems encountered during a thoracentesis.  

Assist with transtracheal aspiration:

1.
Discuss indications, complications and hazards associated with transtracheal  
aspiration.  

2.
Prepare the patient, disinfect the puncture site, set up the sterile field, and set up the equipment/supplies (assure proper operation) in preparation for a patient about to have transtracheal aspiration.

3.
Discuss the procedural steps involved in a transtracheal aspiration procedure.  

4.
Properly respond to patient and equipment problems encountered during transtracheal aspiration.
5.    Discuss the indications, equipment required and precautions according to the AARC CPG when transporting patients whom require CMV.

6.    Identify the patients you would recommend for a metabolic study.

7.    List information obtained on a metabolic study.

Hyperbaric Oxygen Therapy:

1.
Define HBO therapy.  

2.
List the physiologic effects of HBO therapy.

3.
Identify and describe methods of administration of HBO therapy.  

4.
List and describe indications for HBO therapy.

5.
List and describe complications and hazards of HBO therapy.  

6.
Identify problems and special considerations for delivering HBO therapy to 
patients on mechanical ventilation.

Airway Pressure Relief Ventilation 

1.
Define and describe airway pressure relief ventilation.

2.
List and describe indications for APRV.

2.
Recommend initiation of APRV where appropriate.

3.
Recommend a change and adjust APRV where indicated.

4.
List and describe hazards/complications of APRV.

Tracheal Gas Insufflation 

1.
Define and describe tracheal gas insufflation as a means of ventilating a patient.

2.
List and describe indications for tracheal gas insufflation.

3.
Recommend initiation of tracheal gas insufflation where appropriate.

4.
Recommend a change and adjust tracheal gas insufflation where indicated.

5.
List and describe hazards/complications of tracheal gas insufflation.

Pleural Drainage Devices:

1.
Identify possible chest tube configurations, locating and identifying the various chambers present in each configuration.

2.
Identify any problems with a chest tube drainage system and troubleshoot problems.

3.
Identify indications for chest tube placement and recommend a chest tube when appropriate in clinical situations.  

4.
Assist physicians with insertion

Bronchial Alveolar Lavage (BAL)

1.
Identify indications for bronchial alveolar lavage.

2.
Describe equipment and procedure for BAL

3.
Determine the benefits and limitations for BAL use.

Topic Outline
1. Basic Spirometry
2. Advanced Spirometry, Pulmonary Radiology
3. Ventilator Alarm Troubleshooting

4. Cardiac Diagnostics

5. ABG Puncture

6. PEEP

7. Critical Care Monitoring

8. Home Care

9. A-Line Insertion and Draw

10. Hemodynamic Monitoring

11. Special Procedures
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