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Preface to the Second Edition

The practice of respiratory care has undergone tremendous changes,
especially within the past 5 years. These changes have been due to
advances in knowledge of pulmonary disorders and to new advances
in the principles and practice of respiratory therapy. Technologic
advancement has brought into being many new devices that are valu-
- able adjuncts to the modalities of respiratory care. ‘

The knowledge necessary for effective and adequate respiratory -
care is generally agreed to span a variety of subject matter. Clinicians
in.many branches of medicine have found that their specialty de-

_mands an extensive knowledge of respiratory physiology and clinical
practice. This*applies, particularly, to respiratory therapy personnel,
nurses, chest physical therapists, cardiopulmonary technologists,
emergency medical technicians and physicians engaged in the prac-
tice of medicine. :

This text is intended to bridge the gap between pure respiratory
physiology and the clinical treatment of patients with respiratory ab-
normalities. It has two aims: (1) to provide basic theoretical knowl-
edgde for respiratory therapy personnel, nurses, chest physical thera-
pists, cardiopulmonary technologists and physicians, and (2) to pro-
vide a basis cf current clinical practices and procedures to allow for a
more scientific base in caring for patients. » C

Chapters have been designed to be read separately, and thjs has
required some content to be repeated in some chapters for clarity
and completeness. There are also frequent cross-references among
the chapters. L ‘ ,

This second edition includes discussions of recent technical ad-
vances and methods of respiratory care for the neonate, as well as
for adult patients with® acute respiratory failure or chronic airway
disease. ‘ ' S

‘The explosion of new knowledge and its application has resulted
in revision of all chapters in the first edition of this volume: exten-
sive revision of four; complete revision of sixteen; deletion of two,
and addition of nine new- chapters (Alveolar Ventilation and Gas

. _ - v
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vi -PREFACE TO THE SECOND EDITION -

Exchange, Approach to Clinical ‘Medicine, Pediatric Respiratory
Therapy, Patient Care: The Team Approach, Cardiac Monitoring,
Positive End Expiratory Pressure and Continuous Positive Airway
Pressure, Outpatient and Home Care, Interviewing and Counselmg
Respiratory Therapy Personnel, and The Role of Respiratory Ther-
apists as Emergency Medical Technicians).

- The first edition contained 162 figures. This second edltlon con-
tains 260 figures, of which 204 are new and another 56 figures have
been redrawn or revised. -

We would like to express our sincere appreciation to the following:

. secretaries: Mrs. Joan Hoffman, Miss Nancy Langsam and Miss Jean

Gaynor; ‘illustrators: Mrs. Edith Tagrin, Mr. Paul Andriesse, Mr.
John L1moln and Miss Kathryn Brown Mercer '

]IMMY ALBERT YOUNG
DEAN CROCKER



Preface to the First Edition

As one observes the historical evolution of health care, certain pat-
terns occur again and again. One of these, which is a direct result -
of forces such as the “medical and technological knowledge explo-
sion” and the greatly increased demand for services, is the emer-
gence of groups of specialty practitioners to bridge the gap between
knowledge and delivery of care. :

No area of specialty illustrates this evolutionary pattern better
than “Inhalation Therapy.” From the early days of administration
of oxygen to the development of complex mechanical devices, the
duration of years has been very short indeed. This development has
been so rapid that the term “Inhalation Therapy” at present is prob-
ably a misriomer. Perhaps a more appropriate term to encompass
what is done would be “Life Support Systems Specialist,”” with par-
ticular emphasis on internal and external environmental control.

The need to train large numbers of physicians and therapists to pro-
vide this care to infants, children, and adults has been painfully ap-
parent. The authors have been engaged in formal training programs
for “Inhalation Therapy” during the past 5 years. This book is an
outgrowth of the course structure of these training programs. Ac-
cordingly, appreciation is expressed to the Harvard Teaching Hos-
pitals and Northeastern University School of Inhalation Therapy for

use of course materials. “ .
We would like to thank Rex O. Matthews, Head, Special Publica-
tions Section of the National Aeronautics and Space Administration,
and also to thank the Manned Spacecraft Center, Houston, Texas, for
- their help and advice in the preparation of this manuscript. Much
assistance was obtained from William E. KroH of the Puritan-Bennett
Corporation for graphic presentation of data. Particular thanks go to
J. H. Emerson of the Emerson Company for bistorical notes and
* equipment information. Also many thanks are extended to Dr. Robert
- M. Smith, Dean Edmund McTerman, Mrs. Gretchen Riley, and others
of our associates who. have contributed many valuable suggestions.

vii .
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Miss Joan Whitney has performed yeoman services as our secretarial

assistant.
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American Association for Inhalation
Therapy

American Registry of Inhalation
Therapists, Inc.

Air-Shields, Inc.

American Sterilizer Company

Beckman Instruments, Inc.

Bird Corporation

Blackwell Scientific Pul)llcatmns

Boeing Company .

R. M. Chemiack, M.D.

L. Cherniack, M.D.

. Warren E. Collins, Inc.

F. A. Davis Company

David Dimes, M.D.

Driger/GmbH

Electric Boat Company — Division
of General Dynamics Corporation

J. H. Emerson Company*

Engstrom/Mivab Corporation

Fenwal, Inc.

Hewlett-Packard

Instrumentation Laboratory, In(.

Journal of the American Medical
Associjation

Mead Johnson and Company

Mine Safety Appliance Company

Minnesota Mining and Manufacturing
Company

Mist O, Gen Equipment Company

Trier Morch, M.D.

National Cylinder Gas — Division of
Chemetron Corp. _

Viltional Fire Protection Association

North American Aviation — Division
of Rockwell Corp.

Ohio Medical Products

George P. Pilling & San Co,

Puritan-Bennett Corporation

" Radiometer, Inc.

Riisch—West Germany
Peter Safar, M.D.

W. B. Saunders Company
Shampaine Industries
The De Vilbiss Company
The Mira Corporation
Webb Associates



Contributors

THOMAS BARNES, M.S., ARR.T.
Department Head, Respiratory Therapy Technology, Brower Community
College, Ft. Lauderdale, Florida
FRANK BRIGANTI, B.A., PHARM. D. .
Carson Inter-Community Hospital, Carson, California

DEAN CROCKER, M.D., C.M. i
Associate in Anesthesia, Harvard Medical School; Medical Director,
Respiratory Therapy Department, Children’s Hospital Medical Center,
Boston, Massachusetts . :

DAVID H. EUBANKS, ED.D., ARR.T,, R.E.M.T.

Associate Professor and Chairman, Department of Emergency and Critical
Care Technologies, Miami-Dade Community College, Miami, Florida

LUIS GARCIA : : ) A
Assistant Chief Respiratory Therapist, Respiratory Therapy Department,
Children’s Hospital Medical Center, Boston, Massachusetts :

GARETH B. GISH, M.S.,, ARRT. + : .
Adjunct Professor of Anesthesia, University of Kansas Medical Centen
College of Health Sciences and Hospital, Kansas'City, Kansas; Director,

“Corporate Technical Services,  Puritan-Bennett Corp., Kansas City, Mis-
souri = . .

WILLIAM C. HENRY, A.S, C.R.T.T., ARRT. ’
Supervisor, Respiratory Therapy Department, Massachusetts General
Hospital, Bost »n, Massachusetts

PETER HOFFMAN, B.S., RPH., ARR.T
Respiratory Therapist, Respiratory Therapy Department, Children’s
Hospital Medical Center, Boston, Massachusetts :

RICHARD IMBRUCE, PH.D., ARR.T.

" Technical Director, Section of Chest Diseases, Norwalk Hospital, Norwalk,
Connecticut . ) '

JOANNE JOHNSON, R.N., A.RR.T. ) .
Respiratory Nurse Consultant, Supervisor, Respiratory Therapy Depart- .
ment, Massachusetts General Hospital, Boston, Massachusetts. .

MARION T. LEONE, R.N. ) . . .
Director of Clinical Services and Education, Respiratory Therapy Depart-
ment, Rhode Island Hospital, Providence, Rhode Island ;o

SIDNEY McNEIL, A.RR.T. T :
Technical Director, Respiratory Therapy Department, Baptist Hospital,
Boston, Massachusetts '

ELEANOR MURPHY, RN, ARRT



X " CONTRIBUTORS

Staff Education Department, Massachusetts General Hospital, Boston,
Massachusetts ‘ : :

STREEDHAR NAIR, M.D. .

Section of Chest Diseases, Norwalk Hospital, Norwalk, Connecticut

ELLAN NELSON, R.N,, ARR.T. _ )

Respiratory Therapy Department, University Hospital, University of =
Washington, Seattle, Washington :

DANIEL ‘M. PHILBIN, M.D. . -
Assistant Professor of ‘Anesthesia, Harvard- Medical School; Assistant -
Anesthetist, Cardiac Anesthesia Group, Department of Anesthesia, Massa-
chusetts General Hospital, Boston, Massachusetts

MARTA PRADO, R.N. .

- Primary Care Nurse Practitioner, Training Coordinator, Dade County Fire
Department; Instructor, Miami-Dade Community College, Miami, Florida

MARCIA WASENIUS RIE, R.R.T. : )
Respiratory Therapy Department, Mass?chusetts General Hospital, Boston,
Massachusetts .. : C ‘ ‘ '

IRVING STACKPOLE, A.RR.T., BA. ‘ : ‘
Educational Coordinator, Inhalation Therapy Services, Inc. (Northern
Region), Woburn, Massachusetts . i} : ‘

JIMMY ALBERT YOUNG, A.R.R.T., M.ED. ‘ _
Late Associate in Anesthesia (Respiratory Therapy), Harvard Medical
School; Director, Respiratory Therapy Department, Massachusetts General
Hospital, Boston, Massachusetts .- , .

NAOMI B. YOUNG, M.S. . .

Clinical Social Worker, James Jackson Putman Children’s Center, Roxbury,
Massachusetts BN : .

IRWIN ZIMENT, M.D. i -

- Associate Chief, Department of Medicine, University of California at Los
~ Angeles San Fernando Valley Medical Program; Chief of Medicine, Olive
View Medical Center, Van Nuys, California. .



Table of Contents

1; Organization and Administration of Clinical Departments ef ‘
Respiratory Therapy, Jimmy Albert Young . C e e

Organization and Functions .

 Responsibilities of Personnél in Respuatory Therapy

Departments

Evaluation of Resplratory Therapy Personnel .

Physical Facilities
" Equipment . .
Order Forms, Records and Accounts

Imbruce and Streedhar Nair .
History . . .o
Embryology of the Lung

The Thorax . .
Pulmonary erculatlon

The Pleura . . .

The Tracheobronchlal Tree .
The Lung o
The Upper Resplratory Tmct

" .. The Mediastinum

The Muscles

Muscular Achvxty.during Respmmon in Emphysema
3. Manufacture, Storage and Transport of Gases, ]immy Albert

.

o Safety Standards and Prachces

.. Liquid Gases . .
Regulatory Authontles for Compresseﬂ Gas in the United‘ ‘

States and Canada

' The Commercial Manufacture of Oxygen .
" Individual Gases and Mixtures. 5. ... .

Marking and Labeling Cylmders .

4. Phyncnl Properties of Gases, S ldney McNeil

Kinetic Theory of Gases™ .
. Atmospheric Pressure .

- The Gas Laws .
Temperature

Humidity . . ... . . . . . . ..

Gas Conditions

.

2. Anatomy and Physiology of the Respnatory System, Richard

10
14
17
18
19

27
27
29
31.
33

34

34
39
41
42



5. Gas Therapy, Luis Garcia

6. Alveolar Ventilation and Gas Exchange, Thomas Barnes .

TABLE OF CONTENTS

Regulation of Gas Flow

Determining Cylinder Contents

Bulk Systems . .

Gas Therapy Apphances . . .
Summary and Hazards of Medical Cases .

Functions of Respiratory and Cardlovascular Systems
Pressure of Gases c .

Alveolar Ventilation .

Summary

7. Acid-Base Balance, Damel M. thlbin .

Definitions . . . .
Evaluation of the Metabolxc Component .
Acidosis . .. . .
Alkalosis .

,8. Appmch to Clinical Medncme, Dean Crocker

Inflammation . .
Disturbances .in Homeostasxs
Congenital Malformations
Infectious Diseases .
Neoplasms .

Neurologic Dnsease

The Kidneys

Surgery

Allergy

Microbial Toxms . .
Diseases of the Dlaphragm ..
Diseases of the Skeletal System
Trauma

9, Pediatric Respxratory Therapy, Peter Hoffmm .

10 Writing Orders for Respiratory Therapy, Dcan Crocker.

Lung Embryology and Morphology
Fetal Circulation . . .
Respiratory Distress Syndrome
Meconium Aspiration .

Pulmonary Disease in Older Infants and Chxldren _

Equipment and Procedures . .
Pulmonary Functions Testing .

Ordering Oxygen .

Ordering Suction .

Ordering IPPB .
Ordering of Ventilators ..
Ordering Chest Physiotherapy .
Orders for Outpatients . .
Abbreviations . .
Documentation

. . 169

117

117
127
133
134
141

145
145
145

158

161
161

163

164
166

169
171
174
177
179
184
187
193
202
208 -
211
212

251



TABLE OF CONTENTS

11. Cleaning and Sterilization, Ellan Nelson .
Terminology .
Death Pattern of Bacteria .

" Conditions Influencing Antimicrobial Action
Mode of Action Lot
Control of Mlcroorgamsms Physmal Agents L
Control of Microorganisms: Chemical Substances .

Control of Microorganisms: Chemotherapeutic Agents .

Respiratory Therapy Equipment Processing Center .
Principles of Equipment Handlmg

Surveillance Methods . .

- Interpretation of Laboratory Resu]ts

Summary .o .

12. Pharmacology, Frank Briganti and Irwm Ziment .
. Bronchodilators . S ..

Drugs Not Given by Aeroso] .

Nonadrenergic Aerosol Bronchodllators Prostaglandms

Mucosal Constrictants .

Immunologic Agents Used in Asthma

Local Anesthetics

Mucokinetic Agents ..

Antimicrobial Agents .

Aerosol Propellants . : . .

13 Aerosol Therapy, Jimmy Albert Young
' Physical Properties of Aerosols
Deposition of Aerosols . .
Nebulization Therapy Eqmpment
Humidity Therapy . .
Summary .

14. Airway Management, Irvmg Stackpole s
- Defense Mechanisms . Lo
Emergency Airway Management
Cuffed Tracheal Tubes
Summary

15. Chest Physlotherapy, M arcia Wasenius Rie .
' Relaxation . . . e
Breathing Exercxses
Coughing

BronchlalDramage. L

Splinting, Support and Posmonmg
Principles of Breathmg Control
Summary

16. Patient Care: The Team Approach Eleanor Murphy
Concepts of Ilness .
Implications of Hospltalxzatnon
. The Patient’s Rights
" The Care Team

.. 401

xiii

291
291
292
292
292
292

302
306

309
311
311

313
313
322
323
324
325
328
329 .
336
339

343
343
344
349

. 355

359

363
363

. 366 -

395
398

399
399

412
413
415

417
417
418
418
419



xiv TABLE OF CONTENTS

Preparatlon of the Patient for Dlscharge
Summary ' .

17. Intermittent Positive Pressure Breathmg, Gareth B. Gtsh
Effects of IPPB Therapy . . . .. .
Indications for IPPB Therapy . . . .
Contraindications for IPPB Therapy
Hazards and Precautions . .

Conclusion .

18. Cardiopulmonary Resuscntahon, Dean Crocker
History e e e e e e
Prevention . . '

Resuscitative Methods

Drugs . . . coe
Ventricular F lbnllatlon .o
Postresuscitation Treatment .
Comiplications .

Conclusion .

19 Mechamcal Venhlatlon, Gareth B. Gish .
History . . .
Definition of Terrhs .
Classification of Ventilators . .
Lung Ventilator Characteristics; Modes of Actlon .
CyclingControl . . . . . . . . ..
Safety Limits . .. oo o

. Type of Pressure Pattem .

Source of Power .
Gas Flow Transmission
Pressure Curves . .
Principle of Operation of Commonly Used Ventxlators .
Standard Operating Procedures of Specnﬁc Ventilators .
Special Patient Consideration . e
Conclusion .

20. Cardisc Monitoring, Luis Garcia
Circulation . ol
Auscultation of the Heart
Electrocardiography .

Other Devices and Methods

21; Physiologic Moml:onng, ]zmmy Albert Young and William
.Henry . . .
Visual Observation . ‘
Auditory Observation .
Tactile Observation . - . .
Blood Pressure Mepkhrement

Radial Arterial Puncture for Obml;lnr;g Blood Gas Sample

Oxygen Analysis in the Gas Phase .
Monitoring the Patient with Acute Respnratory Failure
Weaning from Mechanical Ventilation . oA,

- 559

428
428

431
433
434
435
435
437

439
439
441
441

. 449

450

. 451

451
452

453

462
464
465
476
480
481
487
487
489
489
496
523
524
527
528

- 531
534

539

549
549

562
569
571



TABLE OF CONTENTS XV

Effective Compliance Measurement . . . . . . . 572
Measurement of Gas Volumes (Wright Respu'ometer) . . . . 574
Measurement of Dead-Space-to-Tidal-Volume Ratios, -
Alveolar Ventilation and Carbon DlOdee Production. . . . 576
Summary Y 5.1
22. Positive End Expiratory Pressure and Continuous Positive
‘ Airway Pressure, Joanne Johnson . . . . . . . ... . . 591
Historical Background . . ) |
Abbreviations and Definitions . . . e e e ... D92
Continuous Positive Airway Pressure (CPAP) c e . . . . . 593
Positive End Expiratory Pressure (PEEP) . * 1
Summary and Conclusions . . . . e v . . . . 611
23 Pulmonary Function Testmg, William C. Heury . v . . . . . 615
Equipment . . . . . i . . . 615
Obstructive and Restrictive Pulmonary Disease . . . . . . 618
Single-Breath Flow Studies . . e e e o ... 629
Closing Volumes and Closing Capacltles e e e e .. . . .837
Ventilation and Ventilatory Capacities . . . . . . . .. . 640
Pulmonary Diffusion Studies . . . . . . . . . . . . . 647
Plethysmography . . . 7 -
Predicted Normal Values . . . . 7.
Bedside Pulmonary Function Testmg e e e e o . . . . . 652
24. Environmental Control Systems, ]zmmy Albert Young .. . . 659
Gas Content . . . coe .. . 662
Water Vapor Tension . . . . . . . . . . . . . .. . 662
Temperature . . . . . . . . . . . . . . . .. . . 663
“Pressure . . . . . . . . . . . . ... ... ... 666
Humidification . . . . . . 668
Equipment for Control of Gas Content 'Humidification
and Temperature . . . . e e e e . . . . 689
25. Outpatient and Home Care, MarionT.Leone . . . . ., . . . 675
. Outpatient Department . . . e e e .. BT7
Home Care Program . . . . . e e e e e . . 684
26. Interviewing and Counselmg Respu'atory Personnel Naomi B. ‘ ’
Young . . . . . . 703
27. The Role of Respu'at:ory Theraplsts as Emergency Medical
Technicians, David H. Eubanks and Marta Prado . 4 8 ]
The Need for Emergency Medieal Technicians (EMTs) ... T
Historic Development of Emergency Medical Care .. . . . . 711
Role of the EMT . . . , A 4 & 1
Assessment of the Emergency 4
Assessmentofthe Patient . . . . . . . . . . . . . . . T4
Equipment Usedatthe Scene . . . . . . . . . . . . . 718
Training and Public Education . . . . ... . . . . . . 720 -
Triage . .. T 4 1]

EMTPersonnel...........,.....v..721



xvi

TABLE OF CONTENTS

Appendix .

I: Symbol.s and Abbrevmtlons Used in Respxratory Therapy
1I:

HI:

Iv:
:.Summary of Values Useful in Pulmonary Phsylology

VI:
, VII:
VIII:
I1X:

Index

Additional Selected Physxologlc Abbrev1at10ns and
Symbols . . .

Abbreviations for Pu]monary Functxon Tests and
Measurements . .

Factors to Convert Gas Volumes from ‘&TPS to BTPS

Normal Man . . . IR
Glossary .

Water Content of Saturated All’ at Varymg Temperatures .

Conversion Factors . .
Alveolar Ventilation and the Dead-Space-to-Tldal-
Volume Ratio ... .o

: NFPA Standards Iéditxons

723
723

724

725
726

727
730

741

742

749
751

753



Chapter 1

Organization and Administration
of Clinical Departments of
Respiratory Therapy

Jimmy Albert Young

With the advances in engineering design and the increased knowl-
edge in respiratory physiology that have evolved since 1950, major
changes have taken place in the overall management of patients with
respiratory complications. Changes in medical care, surgery, rehabil-
itation of the respiratory cripple, hospital administration and nursing
care have occurred along with technologic advances.

Today physicians, allied health professionals and patients, as well
as politicians, are all aware of the critical need for the efficient, effec-
tive and equitable delivery of health care to the general population-
throughout the world.

It has been clearly pointed out that the number of patients requir-
ing respiratory care is growing. The rapidly increasing incidence
and/or recognition of chronic airway obstruction (CAO), particularly
emphysema and -chronic bronchitis, has become a matter of grave
concern if not alarm. Chronic airway obstruction, according to some
authorities, is rapidly becoming one of the most severe health prob-
lems of our time. The magnitude of this problem can be observed
from the statistical graph (Fig. 1-1).

The health care needs of some 2,000,000 patients in the United
States, with an estimated additional 14,000,000 or more Americans
~ with CAO, represent one of our major health challenges today. In
addition, Social Security disability beneﬁts to victims of CAO amount
to approximately $90,000,000 yearly. = -

Patients who require respiratory care have one or more of the fol-
lowing defects: alveolar hypoventilation, abnormal ventilation-per-
fusion relationship, reduced gas transfer, hypoxia, acxdemla acidosis
and reduced ventilatory reserve.

1



2 PRINCIPLES AND PRACTICE OF RESPIRATORY THERAPY

DEATH RATE FROM
EMPHYSEMA AND CHRONIC BRONCHITIS
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Fig. 1-1.—Mortality rate of patients with emphysema and bronchitis in the United
States, 1950-1965. The number of deaths has increased almost 8 times, from 3,157
to 23,700. ’ '

Since 1958 there has been a marked increase in the use of thera-
peutic gases, aerosols and humidity, mechanical ventilation, chest
physical therapy; pulmonary function testing and rehabilitative
measures. .

Many hospitals in the past decade had so-called “oxygen thera:
pists” whose primary functions were to control the supply of medical
gases, clean the equipment and deliver it to the various patient care
areas throughout the hospital. The role of the respiratory -therapy
department of today has greatly changed from the role of the oxygen
therapy department of the past. For a departinent to be clinically
effective, ‘the following categories must be well thought out and
planned for:

1. Organization and functions ,

2. Responsibilities of personnel in respiratory therapy departments



