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Curriculum on Critical Care Medicine (MICU)

West Virginia University Internal Medicine Residency
Program

Director of Rotation
John E. Parker, MD, Section Chief, Pulmonary and Critical Care Medicine

Kashif Hussain, MD, Medical Director, Intensive Care Unit

Maximum Number of Rotators per month

6-7 Housestaff, 1-2 Sub-interns

Educational Purpose and Goals

The critical care rotation exposes residents to patients with a broad variety of unstable, life
threatening medical illnesses. Residents will learn the basic tenets of stabilization of critically ill
patients, and understand the differential diagnosis and appropriate diagnostic work ups of such
patients. They will function within multidisciplinary teams to provide care that is timely,
appropriate and takes into account patient or family preferences.

Principle Teaching Methods

A. Supervised direct patient care activities: Resident teams participate in daily management
and teaching attending rounds with their supervising attending. Residents assume primary
care for the management and coordination of care for their patients, including
performance of any necessary procedures.

B. Didactics:

-Pulmonary Case Conference-every Thursday from 4 pm to 5 pm
-Critical Care Medicine Journal Club- usually 3" or 4" Tuesday of the month from 11:30
amto 1 pm

C. Assigned reading: Residents are expected to complete directed reading based upon their
patient census.

D. Morbidity and Mortality Conference: These occur on monthly basis to review cases from the
critical care unit.

Educational Content



A. Mix of disease: Patients on the Critical Care Service may have a variety of critical
illnesses. Among these are: respiratory failure, ARDS, medical neurologic emergencies,
infectious diseases, metabolic processes such as diabetic ketoacidosis, hypertensive
emergencies, circulatory shock, drug over dose, septic shock and acute renal failure.

B. Patient Characteristics: Patients admitted to Ruby Memorial Hospita] medical
intensive care units are drawn from the general population of Morgantown area,
as well as transfers from across the state of WV, Southwestern PA, Western MD
and Southeastern OH. Patients requiring transfer to the MICU from the General
Medical teams, Hem/Onc team and BMT services will also make up some of the
patient population. In addition patients may be drawn from on-call responsibilities
of residents; continuity clinics of residents or attending physicians; consults from
other hospital physicians; or transfers from Healthsouth Rehabilitation Hospital.
C. Leamning Venues: _
a. Facility: The critical care rotation occurs at Ruby Memorial Hospital.
Residents care for patients admitted to their service in the Medical
Intensive Care Unit (MICU). The Health Sciences Center contains a full
service medical library and computer facilities with Internet access for
resident use. Each unit has on-line access to digitized imagery (PACS) of
CT scans, MRI, MRA, PET/CT and plain films.
b. Procedures: Residents have the opportunity to perform a variety of
procedures on patients under their care, including: central venous lines,
Swan Ganz catheterization, temporary transvenous pacemaker placement,
arterial lines, nasogastric tube insertion, intubation of the respiratory tract,
paracentesis, thoracentesis, lumbar puncture, and arthrocentesis. Residents
also have the opportunity to interpret all imaging studies and laboratory
tests ordered on their patients. Radiology images are easily accessible
from the MICU through PACS. Residents will also utilize standard ACLS
protocols in the management of patients as needed. Please remember the
procedures have to be supervised by the faculty or fellows.
c. Ancillary Services: During this rotation, residents interact wit
subspecialists from a variety of disciplines; fellows in
hematology/oncology, pulmonary and critical care medicine, nephrology;
respiratory  therapists; clinical pharmacists; residents from other
disciplines who serve either as consultants (eg, surgery) or as junior
residents (e.g. emergency medicine, family medicine, anesthesia.); case
managers; and nursing personnel,

d. Structure of the Rotation




i. Teams: One team functions within the medical intensive care unit. Each team
consists of a managing attending, a Pulmonary/Critical Care Medicine fellow, 4
senior residents, 2-3 interns and medical students (primarily 4" year sub-interns). In
addition, there are designated senior residents per month who are the ICU night float
resident and help the on-call resident with the admissions and existing patients, on
both the MICU and the CCU.

ii. Duty Hours: All residents schedules are structured to limit duty hours to no greater
than 80 hours per week, when averaged over four weeks. On average, a resident is
scheduled for 72 hours per week during this rotation. All internal medicine residents
are relieved from their continuity clinics during this month.

iii. Call: Interns are on-call for admission every other day, during the daytime from 7
am to 5 pm and are expected to the MICU admission beeper and MICU phone
(75454) during this time. Senior residents are on-call every 4" day, from 5 pm to 7
am. On-call senior resident is expected to come in at 4 pm to take part in the evening
round and take check-out from the dayteam. Pulmonary and Critical Care Medicine
fellows are assigned out-of-house call daily and will come in when called to help with
the management or procedure for new admission and other existing ICU patients.

iv.  Rounds: Management and teaching attending rounds occur
daily with all members of the team present. Start times are
pre-arranged between attendings and residents usually every
morning. Discussion and care is provided at the bedside.
Radiographic images may also be viewed electronically
during management rounds. MICU daily rounds are
multidisciplinary and besides physicians, a pharmacist,
dietician, respiratory therapist and bedside nurse are team
members. They should be involved in each care discussion.

v.  Clinics: Senior residents continue to participate in continuity
clinics one half day per week, unless such participation
would conflict with post call duty hour restrictions. Junior
residents have their continuity clinic cancelled while on this
rotation.

vi.  Lectures: All residents continue to participate in residency-
wide conferences as noted previously, including the Core
Noon conference series.



III.  Consultation
The MICU Team provides “vent” consults on Med-C-CCU patients. The
SICU or CTU team may request consultation as well.

IV.  ICU Protocols & Guidelines
They will be given to you in the beginning of each month. If not
provided, please ask faculty or fellow to get you a copy.

V. Pharmaceutical Drug Studies
There are many “drug trials” (new experiment) going on in the ICU. You
are encouraged to learn and participate in them.

V1. Principle Ancillary Educational Materials
A. Residents are assigned targeted reading in primary literature sources by
Teaching Attending physicians throughout the rotation.

B. Full service 24-hour libraries are present at the Health Sciences Center of
the Robert C. Byrd Health Sciences Center with onsite medical librarians.
Web-based searchable medical databases are available through those libraries,
and standard medical journals are available in both print and electronic
formats. In addition, all residents have 24-hour accessibility to the extensive
online West Virginia University electronic library, including databases and
electronic journals.

C. Computer based resources are available at the hospital to facilitate patient care, education and
communication. The following are made available:

1. Up-To-Date Online

2. Drug information resources including side effects and drug-drug interactions
3. Electronic Medical Record (Citrix)

4. Radiology results retrieval (PACS)

5. E-mail service via the internet

6. Electronic textbooks of medicine



D. In the residency office and hospital libraries, a number of videotapes and
audiotapes are available including:
1. MKSAP booklets

2. Assorted procedures videotapes
3. MedStudy materials
E. The primary textbook is Intensive Care Medicine, Richard S. Irwin, M.D.
(Editor) and James M. Rippe, M.D. (Editor)

VII. Methods of Evaluation
A. Resident Performance

1. Faculty complete web-based (E*Value) electronic resident evaluation
forms provided by the Internal Medicine Residency office. The
evaluation is competency-based. The evaluation is shared with the
resident, is available for on-line review by the resident at their
convenience, and is internally reviewed by the residency office. The
evaluation is part of the resident file and is incorporated into the
semiannual performance review for directed resident feedback.

it.Residents electronically record completed procedures on the E*Value
system. The supervising physician verifies the resident understands the
procedure’s indications, contraindications, complications and
interpretation.

iit.Chart audits are conducted on at least one resident-generated document
each rotation, with specific feedback given to the resident on data-
gathering and docurnentation skills.

B. Program and Faculty Performance
1.Using the E*value system upon completion of the rotation, residents

complete a service evaluation commenting on the faculty, facilities and
service experience. Evaluations are reviewed by the program and
attending faculty physicians receive anonymous annual copies of
aggregate completed evaluations. Collective evaluations serve as a tool to
assess faculty development needs. The Education Committee reviews
results annually.

V1. Institutional Resources
A. Strengths: Ruby Memorial Hospital serves as a tertiary care and Level One
trauma center for outlying communities. This provides a breadth and depth of
patient care, particularly in the intensive care units, which is not seen in
smaller systems. Critical care attendings perform dedicated rounds with a
multidisciplinary team



B. Weaknesses: There is no active renal, liver, pulmonary or cardiac transplant program.
Adolescents, including young adults (i.e. early 20’s) with chronic diseases, are frequently
admitted to the Pediatric Intensive Care service. This service is separately staffed and
located, and does not interact with the adult ICU program.

VIL Rotation Specific Competency Objectives
A. Patient Care
i. History taking. Residents at all levels of training will collect a thorough
history, by soliciting patient information, and consulting other sources of
primary data in a logical and organized fashion. History taking will be
hypothesis driven. Interviewing will adapt to the time available and
instability of the patient, use appropriate nonverbal techniques, and
demonstrate consideration for the patient and family. The resident will
inquire about the emotional aspects of the patient’s or family’s experience
while demonstrating flexibility based on patient need. Residents will
recognize verbal and nonverbal cues from the patient. Cues will be
followed in an organized directed logical fashion with a complete
exploration of symptoms.
ii. Physical Exam. Residents at all levels of training will perform a
comprehensive physical examination describing the physiological and
anatomical basis for normal and abnormal findings. PGY?2 and 3 residents
will demonstrate knowledge of maneuvers that can elicit findings not
otherwise present, and routinely adapt the physical exam for patients with
diminished levels of consciousness or cooperativeness.
i1, Charting. Residents at all levels of training will record data in a legible,
thorough, systematic manner. Please use ICU computerized forms for
daily notes, admissions and procedures.
1v. Procedures.
L. PGY-1 and PGY-2 residents will demonstrate knowledge of:
procedural indications, contraindications, necessary equipment,
specimen handling, patient after-care, and risk and discomfort
minimization. They will participate in informed consent and assist




patients with decision making. They will correctly identify the
meaning of test results. PGY 1 residents will initially observe and then
perform procedures prior to the completion of the first training year.
2. PGY-3 residents will demonstrate extensive knowledge and facility
in the performance of procedures while minimizing risk and
discomfort to patients. They will assist their junior peers in skill
acquisition.
v. Medical Decision Making, Clinical Judgment, and
Management Plans. All residents will demonstrate
improving skills in assimilating information that they
have gathered from the history and physical exam.
1. PGY-1 residents will be able to identify patients’
problems and develop a prioritized differential diagnosis.
Abnormal findings will be interrelated with altered
physiology. They will understand their limitation of
knowledge and seek the advice of more advanced clinicians.
PGY-1 residents will begin to develop therapeutic plans that
are evidence or consensus based. Residents will establish an
orderly succession of testing based on their history and exam
findings. Specific organ dysfunction will be anticipated
based on known side effects of therapy. Additionally,
residents will understand the correct administration of drugs,
describe drug-drug interactions, and be familiar with
expected outcomes.
2. PGY-2 residents will also regularly integrate medical facts
and clinical data while weighing alternatives and keeping in
mind patient preference. They will regularly incorporate
consideration of risks and benefits when considering testing
and therapies. They will present up-to-date scientific
evidence to support their hypotheses. They will consistently
monitor and follow-up patients appropriately, They will
develop plans to avoid or delay known treatment
complications and be able to identify when illness has
reached a point where treatment no longer contributes to
improved quality of life,




3. PGY-3 residents will demonstrate the above and in
addition, will demonstrate appropriate reasoning in
ambiguous situations, while continuing to seek clarity.
Residents at this level of training will not overly rely on tests
and procedures. PGY-3 residents will continuously revise
assessments in the face of new data.
vi. Patient counseling

1. PGY-1 residents will be able to describe the rationale for a
chosen therapy and will be able to describe medication side
effects in lay terms. They will assess patient/family
understanding and provide more information when

necessary. Residents will demonstrate the ability to be a
patient advocate,

2. PGY-2 residents, in addition to the above, will be able to
explain the pros and cons of competing therapeutic
interventions. PGY-2 residents will be expected to

counsel patients regarding adverse habits, and educate
patients and families for enhanced compliance. They will be
able to effectively communicate with critically il patients
and engage patients and families in end-of- life discussions.
3. PGY-3 residents, in addition to the above, will effectively
communicate with patients making life-style modifications.
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B. Medical Knowledge.

1.

6.

7.

The resident will acquire knowledge, problem solving
ability, practical skills and an attitude applicable the care
of critically ill patients.

. The resident will become familiar with appropriate

diagnostic, therapeutic, and hemodynamic monitoring
techniques.

. The resident will develop the ability to respond rapidly

and appropriately to life-threatening problems and grow
to become an effective judge of the priorities of
resuscitation.

. The resident will learn to act appropriately as a member

or leader of a therapeutic team which includes nurses,
pharmacists, and ethicists.

. The resident will learn to appreciate and hopefully

modify the stresses which the Intensive Care

environment places upon the patient, their relatives,
members of the ICU staff, and themselves.

The resident will begin to understand how to use health

care financial resources effectively and prevent the

Critical Care Unit from simply becoming an

“Expensive Care Unit”,

The resident will continue to develop the habit of self
assessment and realize the limitations in the practice of
this specialty:.

a. PGY-1 residents will consistently apply current
concepts in the basic sciences to clinical problem
solving. They will use information from the
literature and other sources including electronic
databases. PGY-1 residents will demonstrate
satisfactory knowledge of common medical
conditions, sufficient to manage urgent complaints
with supervision. Residents must exhibit sufficient
content knowledge of common conditions to
provide care with minimal supervision by



completion of the PGY-1 year.

b, PGY-2 residents will demonstrate a progression in
knowledge and analytical thinking in order to
develop well-formulated differential diagnoses for
multi-problem patients. They will also demonstrate
socio-behavioral knowledge.

¢. PGY-3 residents in addition to the above will

demonstrate appropriate habits to stay current with
new medical knowledge, and will exhibit knowledge
of effective teaching methods.
C. Interpersonal and Communication Skills.
1. PGY-1 residents will develop and refine their individual
style when communicating with patients. They will strive
to create ethically sounds relationships with patients, the
physician team and supporting hospital personnel. They
will create effective written communications through
accurate, complete, and legible notes. They will exhibit
listening skills appropriate to patient-centered interviewing
and communication. Residents will recognize verbal and
nonverbal cues from patients,
2. PGY-2 and -3 residents will also exhibit team leadership
skills through effective communication as manager of a
team. PGY2 residents are expected to assist junior peers,
medical students, and other hospital personnel to form
professional relationships with support staff. Residents will
respond to feedback in an appropriate manner and make
necessary behavioral changes. |
D. Professionalism.
All residents will demonstrate integrity, accountability,
respect, compassion, patient advocacy, and dedication to
patient care that supercedes self-interest. Residents will
demonstrate a commitment to excellence and continuous
professional development. They will be punctual and
prepared for teaching sessions. Residents will demonstrate
a commitment to ethical principles pertaining to provision
or withholding of clinical care, confidentiality of patient
information, and informed consent. Residents are expected
to show sensitivity and responsiveness to patients’ culture,
age, gender and disabilities.
E. Practice Based Learning and Improvement
1. PGY-1 residents will use hospital and West Virginia
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to show sensitivity and responsiveness to patients’ culture,
age, gender and disabilities,
E. Practice Based Learning and Improvement

1. PGY-1 residents will use hospital and West Virginia
University library resources to critically appraise medical
literature and apply evidence to patient care. They will use
hand-held computers, desktop PC’s and Internet electronic
references to support patient care and self-education. They

will model these behaviors to assist medical students in
their own acquisition of knowledge through technology.
2. PGY-2 residents will in addition consistently seek out
and analyze data on practice experience, identify areas for
improvement in knowledge or patient care performance and
make appropriate adjustments. They will regularly
demonstrate knowledge of the impact of study design on
validity or applicability to individual practice.
3. PGY-3 residents will additionally model independent
learning and development.

F. Systems Based Practice,
1. PGY-1 residents will be sensitive to health care costs
while striving to provide quality care. They will begin to
effectively coordinate care with other health care
professionals as required for patient needs. -
2. PGY-2 residents, in addition to the above, will
consistently understand and adopt available clinical
practice guidelines and recognize the limitations of these
guidelines. They will work with patient care managers,
discharge coordinators and social workers to coordinate
and improve patient care and outcomes.
3. PGY3 residents, in addition, will enlist social and other
out-of-hospital resources to assist patients with therapeutic
plans. PGY-3 residents are expected to model cost-effective
therapy.



V1l. Research
A. On-going research projects



Goals and Responsibilities of Pulmonary and
Critical Care Medicine Fellows during MICU
Rotation



Goals and Responsibilities of Pulmonary/Critical Care Medicine Fellows During
MICU Rotation

Goals and Objectives: The critical care rotation exposes fellows to patients with a broad
variety of unstable, life-threatening medical illnesses. Fellows will learn the basic tenets
of stabihzation of critically ill patients, and understand the differential diagnosis and
appropriate diagnostic work ups of such patient. They will function within
multidisciplinary teams to provide care that is timely, appropriate, and takes into account
patient or family preferences.

Rotation Competency Objectives

a. Patient Care — History taking, physical exam, charting, procedures, medical decision
making, clinical judgment and management plans. Fellows must be familiar with all
MICU service patients,

b. Medical Knowledge ~ The fellow will acquire knowledge, problem solving ability,
practical skills and an attitude applicable to the care of critically ill patients.

c. Interpersonal and Communication Skills — Fellows will develop and refine their
individual style when cornmunicating with patients. The will strive to create ethically
sound relationships with patients, the physician team and supporting hospital
personnel. They will create effective written communications through accurate,
complete, and legible notes, they will exhibit listening skills appropriate to patient-
centered interviewing and communication. Residents will recognize verbal and
nonverbal cues from patients. ‘

d. Professionalism — The fellow will demonstrate integrity, accountability, respect,
compassion, patient advocacy, and dedication to patient care that supercedes self-
interest. The fellow will demonstrate a commitment to excellence and continuous
professional development. They will be punctual and prepared for teaching sessions.
Residents will demonstrate a commitment to ethical principles pertaining to provision
or withholding of clinical care, confidentiality of patient information, and informed
consent. Fellows are expected to show sensitivity and responsiveness to patients’
culture, age, gender and disabilities.

e. Practice Based Learning and Improvement — Fellows will utilize library resources
to critically appraise medical literature and apply evidence to patient cares. Hand held
computers, desktop PC’s and Internet electronics reference will be utilized to support
patient care and self education. Fellow will additionally model independent learning
and development.

f. System Based Practice — Fellows will be sensitive to health care costs while striving
to provide quality care. They will effectively coordinate care with other health care
professionals as required for patient needs.

g. Participation in the daily rounds.

. Participation in research activities.

1. Conducting M&M conferences and generating the monthly report.



Orientation



MICU Physician Guidelines for Orientation

There is a charge nurse assigned for each shift in SICU and MICU. If there are issues
that need to be addressed, please discuss with the bedside nurse first. If this does not
resolve the issue, the charge nurse needs to be notified. The list of patients, the nurse
caring for the patient and the charge nurse is posted on the grease board in each ICU.

The staff consists of Unit Clerks, Clinical Associates, Support Associates and Registered
WNurses.

All admissions and discharges to the SICU and MICU are negotiated between the
primary service and the SICU or MICU team. The admission and discharge processes
are facilitated through a bed coordinator or off shift coordinator via pager 1070.

Upon admission, every patient needs an admission note with history of present ilinesses,
past medical history, medications, allergies, etc., and a tentative diagnosis and plan of
management. Daily progress notes should be written on every patient.

Any change in the patient condition should be reported to the Attending Physician.

Upon discharge, all patients need a discharge note.

All procedures (intubation, arterial lines, central lines, Swan Ganz catheters, etc.) must be
discussed with the Attending Physician. The Attending Physician will then make a
decision as to whether he/she needs to be present for the procedure. All procedures must

be recorded in the progress note of the patient chart and include the date, time and
attending physician’s name.

Medical students are not allowed to perform any invasive procedures, without the direct
supervision and authorization of a resident or staff

All procedures should be communicated and coordinated with nursing staff. If
- attempting to place a line is unsuccessful after 3 attempts, the expectation is that
assistance with be obtained from a more senior physician (Fellow or Attending).

The daily management of Trauma patient will be undertaken by the SICU team. The
management of MICU patients will be by the MICU team unless otherwise specified.
Neurosurgical, ENT, Orthopedic and OB-GYN patients will be managed by the
respective service expect for ventilatory management and line placement.

All unstable patients admitted to an overflow unit, ie; CTU, CCU, PAR are still under
the same criteria as SICU or MICU.

Daily rounding starts between 7:00-7:30 daily; patient status including laboratory data
should be gathered and presented during rounds.



Ventilator changes should only be made by an RRT assigned to the units. Changes in

ventilatory settings will be ordered by the ICU team. The resident ordering these changes
must notify the nurse taking care of the patient.

All orders must be done via CHIP system by the physician. Verbal orders are only taken
under emergency situations.

The registered nurse monitors all IV lines. They man WOT manipulate, reposition or

remove any PA catheters. The nurse may remove radial arterial lines and femoral triple
lumens only.

If there are any questions, refer to each unit specific policy manual.



ICU Guidelines and Protocols



Guidelines for the Management of Community Acquired
Pneumonia in Adults in ICU

(Based on IDSA/ATS guidelines on management of Community Acquired Pneumonia, 2007)

Most common etiologies of community-acquired pneumonia
Patient type Etiology

Outpatient Streptococcus pneumoniae
Mycoplasma pneumoniae
Haemophilus influenzae
Chlamydophila pneumoniae
Respiratory viruses®

Inpatient (non-ICU) S. pneumoniae
M. pneumoniae
C. pneumoniae
H. influenzae
Legionella species
Aspiration
Respiratory viruses®

Inpatient (ICU) S. pneumoniae
Staphylococcus aureus
Legionella species
Gram-negative bacilli
H. influenza

NOTE
a Influenza A and B, adenovirus, respiratory syncytial virus, and parainfluenza.

Criteria for severe community-acquired pneumonia

Minor criteria®

Respiratory rate ® >30 breaths/min

Pa02/FiO2 ratio ” <250

Multilobar infiltrates

Confusion/disorientation

Uremia (BUN level, >20 mg/dL)

Leukopenia ¢ (WBC count, <4000 cells/fmm3)
Thrombocytopenia (platelet count, <100,000 cells/mm3)
Hypothermia (core temperature, <36 C)

Hypotension requiring aggressive fluid resuscitation



Major criteria
Invasive mechanical ventilation
Septic shock with the need for vasopressors

NOTE

BUN, blood urea nitrogen; PaO2/FiO2, arterial oxygen pressure/fraction

of inspired oxygen; WBC, white blood cell.

a. Other criteria to consider include hypoglycemia (in non diabetic patients),
acute alcoholism/alcoholic withdrawal, hyponatremia, unexplained metabolic
acidosis or elevated lactate level, cirrhosis, and asplenia.

b. A need for noninvasive ventilation can substitute for a respiratory rate >30
breaths/min or a PaO2/FiO2 ratio <250.

c. As a result of infection alone

Recommended empirical antibiotics for community acquired pneumonia in ICU

A b-lactam (cefotaxime, ceftriaxone, or ampicillin-sulbactam) plus either azithromycin (level 11
evidence)

or

a respiratory fluoroquinolone (level I evidence) (strong recommendation) (for penicillin-allergic
patients, a respiratory fluorogquinolone

and aztreonam are recommended)

Special concerns
If Pseudomonas is a consideration

An antipneumococcal, antipseudomonal b-lactam (piperacillintazobactam,

cefepime, imipenem, or meropenem) plus either ciprofloxacin or levofloxacin (750 mg)
or

The above b-lactam plus an aminoglycoside and azithromycin

or

The above b-lactam plus an aminoglycoside and an antipneumococcal

fluoroquinolone (for penicillin-allergic patients,substitute aztreonam for above b-lactam)
(moderate recommendation; level 111 evidence)

If CA-MRSA is a consideration, add vancomycin or linezolid
(moderate recommendation; level 111 evidence)



Guidelines for the Management of Hospital-acquired,
Ventilator-associated, and Healthcare-associated Pneumonia

in Adults in ICU

(Based on ATS guidelines, Am J Respir Crit Care Med Vol 171. pp 388-416, 2005)

Overview of management strategies for a patient with suspected hospital-acquired
pneumonia (HAP), ventilator-associated pneumonia (VAP), or healthcare-associated

pneumonia (HCAP)

HAP, VAP or HCAP Suspected

Obtain Lower Respiratory Tract &LRT} Sample for Culture

(Quantitative or Semi-quantitative) & Microscopy

:

Unless There Is Both A Low Clinical Suspicion for Pneumonia &
Negative Microscopy of LRT Sample, Begin Empiric Antimicrobial
Therapy Using Algorithm in Figure 2 & Local Microbiologic Data

Hemodynamic Changes & Organ Function)

Days 2 & 3: Check Cultures & Assess Clinical Response:
(Temperature, WBC, Chest X-ray, Oxygenation, Purulent Sputum,

Clinical Improvement at 48 -72 Hours

|
NO YES
Cultures - | Cultures + Cultures - l Cultures +
v L  J F
Search for Other Adjust Antibiotic Therapy, De-escalate Antibiotics,
Pathogens, Search for Other Consider if Possible.
Complications, Other Pathogens, Stopping Treat Selected Patients
Diagnoses or Other Cn.mphcatmns. Other Antibiotics for 7- 8 Days
Sites of Infection Diagnoses or Other & Reassess
Sites of Infection




Table 2
Risk Factors for Multidrug Resistant Pathogens causing Hospital-acquired pneumonia,
Ventilator-associated pneumonia and Healthcare-associated pneumonia

» Antimicrobial therapy in preceding 90 d
* Current hospitalization of 5 d or more
* High frequency of antibiotic resistance in the community or in the specific hospital unit
* Presence of risk factors for HCAP:
Hospitalization for 2 d or more in the preceding 90 d
Residence in a nursing home or extended care facility
Home infusion therapy (including antibiotics)
Chronic dialysis within 30 d
Home wound care
Family member with multidrug-resistant pathogen
» Immunosuppressive disease and/or therapy

Algorithm for initiating empiric antibiotic therapy for hospital-acquired pneumonia
(HAP), ventilator-associated pneumonia (VAP), and healthcare-associated pneumonia
(HCAP)

Empiric Antibiotic Therapy for HAP

HAP, VAP or HCAP Suspected
(All Disease Severity)

Late Onset { 5 days) or Risk Factors for
Multi-drug Resistant (MOR) Pathogens

{Table 2)
L
i Broad Spectrum
Limited Spectrum
Antibiotic Therapy Antibiclic Therapy
({Takle 3) For MDR Pathogens
{Tables 4 & 5)




Table 3

Initial Empiric Antibiotic therapy for hospital-acquired pneumonia (HAP), ventilator-
associated pneumonia (VAP), and healthcare-associated pneumonia (HCAP) with no
known risk factors for Multidrug-resistant pathogens, early onset

Potential Pathogen: Recommended Antibiotic:

Streptococcus pneumoniae Ceftriaxone

Haemophilus influenzae or

Methicillin-sensitive Staphylococcus aureus Levofloxacin, moxifloxacin, or ciprofloxacin
Antibiotic-sensitive enteric gram-negative bacilli or

-Escherichia coli Ampicillin/sulbactam

-Klebsiella pneumonia or

-Enterobacter species Ertapenem

-Proteus species
-Serratia marcescens

Table 4

Initial Empiric Antibiotic therapy for hospital-acquired pneumonia (HAP), ventilator-
associated pneumonia (VAP), and healthcare-associated pneumonia (HCAP) with late
onset disease or risk factors for Multidrug-resistant pathogens

Potential Pathogens: Combination Antibiotic Therapy:

Pathogens listed in Table 3 and Antipseudomonal cephalosporin

MDR pathogens (cefepime, ceftazidime)

-Pseudomonas aeruginosa or

-Klebsiella pneumoniae (ESBL) T

-Acinetobacter speciest Antipseudomonal carbepenem
(imipenem or meropenem)

or

B-Lactam/B-lactamase inhibitor
(piperacillin—tazobactam)
plus
Antipseudomonal fluoroquinolonet
(ciprofloxacin or levofloxacin)
or
Aminoglycoside
(amikacin, gentamicin, or
tobramycin)
plus
Methicillin-resistant Staphylococcus Linezolid or vancomycint
aureus (MRSA)
Legionella pneumophilat

t If an ESBL_ strain, such as K. pneumoniae, or an Acinetobacter species is suspected,
a carbepenem is a reliable choice. If L. pneumophila is suspected, the
combination antibiotic regimen should include a macolide (e.g., azithromycin)



or a fluoroquinolone (e.g., ciprofloxacin or levofloxacin) should be used rather
than an aminoglycoside.
T If MRSA risk factors are present or there is a high incidence locally.



WVUH ANTIBIOTIC CHOICE FOR VENTILATOR-ASSOCIATED PNEUMONIAS IN THE
ICU

Note: All doses are for normal renal and liver function. Please refer to the pocket antimicrobial
guide or the WVUH Antimicrobial Guidance website for help in patients with allergies to the
specified agents. Pharmacists can also assist with alternative choices and dosing.

Early Onset, No aspiration (<5 days):
Ceftriaxone 2Gm IV x 1 then 1Gm IV g24h plus (Azithromycin 500mg IV/PO g24h OR
doxycycline 100mg IV/PO qg12h)

Early Onset, Aspiration suspected:
Ampicillin/Sulbactam (Unasyn) 3Gm IV g6h
Or

Ertapenem 1Gm IV g24h

Late Onset (>5 days) Antibiotic Rotation:
Choose a Gram positive agent and 1 beta-lactam Gram negative agent +/- tobramycin

2nd Agent:

Tobramycin 5-7mg/kg IBW IV q24h**

**Contact pharmacy for assistance with appropriate dosing or alternatives in renal or liver
dysfunction. Fluoroquinolone use is discouraged due to sensitivity rates and association with
Clostridium difficile. If a microbial pathogen is isolated, attempt to simplify the regimen to its
narrowest spectrum while keeping in the same antimicrobial class (e.g., Penicillins,
Cephalosporins, Beta lactam/beta lactamase inhibitor)

-VANCOMYCIN DOSING -Refer to WVUH Antibiotic website or consult pharmacist for
recommendation.



Guidelines for the Management of Pain, Agitation, and

Delirium in Adult Patients in the Intensive Care Unit
(Based on SCCM guidelines, Crit Care Med. 2013 Jan;41(1):263-306)









Recommendations for the Management of Pain, Agitation, and Delirium
Figure 1

A
= Aigitation in critically ill patiems may result from inadequately rested pain, ansiety, delisiom, and'or vantiator
dysymchnony.
* Detection and tregtment of pam, aqitation, and delirivm should be reassessed ofien in thess patients.
« Patients should be awake and able fa purpasaly fallow commands in order to participate in their care unbass a clinical
indication for deaper sedation exists.
= For a comprehensive kst of Guidene Statements, Recommendations and GRADES, see back of cand

Assess
and Treat | Statements and Recommendations

+ Faln assessment should be routingty periormed in all IGU patients (18),

= Self repart is predesred ower e e of Debendonal pain Scales 10 asses pain in ICU patiants who & able b
o urscahe By

= The BPS and CPOT are tha most valid and reliable behavioral pain scales for wse in ICU patients who cannat
commuricate B

+ ital signes should not be used alone 1o assess pain, el they may be usad amunctivaly for pain assessments (20}

= Praamplively ireat chest fube ramoval wikh either analjesics and'or non-pharrecalgic terapy (1C).

= Suggest preamptively treating ather types of procedural pain with analgesic and/or non-phammacalagic therapy
[2C)

PAIN

+ Ltz opinids as first line therapy for trestment of non-neurapathic pain {10k

= Sugqest usEng non-opioid anakesics in conjunciion with opicids to reduce opioid reguirements and opicid-
realied st elfects (2C)

= iz gabapentin or carbarmazepine, in addition to intravanous opicids, for freatment of neurapathic pain (14).

* Ltz thoracic epicral for postoperative analgesia in abdomingl aoric surgery patients (18],

= Suggest toraci; epidural anakpesia be weed for patients with traumalss rb fractures 28).

= Depth and quality of s2dation should be roulinely sssessed in all ICL patients (18).

= The RASS and 5AS are the most valid and reliable scales for assessing guality and depth of sedatfion in
ICU patients (B}

= Bugest usng objective measures of brain Tunclion ¥ adiunctivey monitor sedation in patients receidng
nevrnmuscular bocking agenks (2B},

= Lz EEG manitcring aither bo manitor non-convulsse seizure activity in ICU patients ak sk for saures, or o
titrate electrosuppressive medication to achieve burst suppression i ICU patients with elevated intracranial
pressure (1AL

+ Target the lightest possinle level of sedation andior use daily sedative inssmuption (1E).

+ ke zedation protocols and checkRsts o Facilitate ICU sedation management {18}

+ Suggest usng analgesia-first sedation for imtubated and mechanacally vantilatad ICL patients (28).

» Saggest using nor-enzodiazepines for sedation feither propolol or dexmedetomicine) rather Ehan
benzodiazepines (elher midasam of lorazepam) in mechanically venlilated adult IGU palients (78}

+ Delinium zssessment should be rutingy parormed in all ICL pabents (18}

* Thiz CAM-ICU and K:OSC dediium ronitoning todks ane fhe most valid and refiabile scales t assess delrium in
10U partiemts (A).

= Mobilize [CU patients early when feasible tn reduce the incidence and duration of delirum, and to improve
functional cutcames (16).

+ Fromalbe sleep in 1CU patients by cantrolling Rght and noise, clustering patient care activities, and decressing
stimi at nght {1G},

* Myoid using rivasigming t reduce the duration of delirium in ICU pafients (18).

+ Saggest anoicng the use of antipsychotics in patients whi aee at risk for torsades: de pointes (28}

= Suggest nat using bereodiaze pines in BCU patients with dedirium unrelabed to ETOHDbenzodianaping
withciriveal {2B).




Recommendations for the Management of Pain, Agitation, and Delirium
Figure 2

Summary of PAD Guidelines

=

. |ICL patents routinely experience pain af rest and with ICU care (B). Pain in cardiac surgery patients, espacially
women, is poorly treated (B). Procedural pain is commen in ICU patients (B).

2. Pestoem roubing pain asessment in 3l patients (18}, In mokor imtact patients unabis 10 self repan, we sugoest
issing behavioral pain scales rather than vikal signs o assess pain (20). The BFS and GPOT are the mest valid and
reliable befiioral pain scales §8). WWal signs should anly be wsed &5 a cue for further pain assessment (20

3. For nona-rurapathic pain, wse intrwenous opioids as fiest lre analgesic heragy (10F use non-opioid aralpesics
bo resduce opioad sicke effects (103 and use either gabaperntin or Carbamareping in conjunction veth intranenous
opavicks for nevropathic pain (1A}

4. Supgest preemprtivety freating procedural pain {2C), espedially chest tube removal (10

5. Use thoracic epidural analgesia for abdomanal aortic surgery (18], and suggest also using for raumatic rib

fractures (2B} No evidenca guides the use of lumbar epidural analgesia for sbdominal aneurysm sureny (4],

of tharacic epklural analgesia for either intrathoracic or newascular aboomingl surgical procedures: (6], No

evidence quides he use of regional ve, systemic analoesia in medical ICL patients (),

=)
=
=
=
=
o

ANALGESIA

1. Maitaining lighter lewels of Sedation in 10U patients is azsociabed with impeoved clinical oubcomes B Bgit levels

of sestlaatiioe shoubl B masindained in thess patisnts (18).

The RAES and 5AS scales ara most valid and raliable instruments for Sssessing adaquacy end dapth of sadation (B).

Lize Brain Functon maniors only 85 adjuncts i subyctiee sedation scales inunparalyred patents (18, bt

sigoest using bran function monitors ta primarily moritor depth of sadation in petients recehing newramusclar

Dlocking agerts [28).

U EEG monibaring bo mordar non-convulsie Seizure aciity in ICU patients at risk for seizures, and o titrake

et suppression therdpy in I patients with elevated intracranial pressune (1A}

5. Use either use daily sedative inbermuption or Bitrate sedative medications bo maintain light levels of sedation (18).
Suppast using Analpesia-first sadation (2B). Supgast using non-benzodiazepines rathear than benzodiazapine
infusions for sedation (28). Use sedation protocols and daly checkdists to integrade and to faciitate management
of pain, sedation, and delirum in ICU patients (18},

ha

Ly

AGITATION
AND SEDATIGHN

=k

. Delirium i associabed with increased mortality (4), prolonged ICU and hospital LOS (8, and post-100 cognitive

impairmerd (B

Dedirium nisk tactors include: pre-existing dementia, HTN, history of alcoholism, and & high seventy of liness at

beszeding §E), coma (B}, and berodiazepine use (B} Mechanically vertilated ICU patients at rigk for delidum have a

Inweer delirium prevalence when freated with dexmedetnmiding rather Shan with berendiazepines: (8],

3. Raukmiy dar 10 pabients for delinui {18}, The CAM-ICU and ICDSE are the miost valid s relialbe
instruments for this punpiss (4],

. Pursws earky mobilization fo reduce e incidence and duration of dalrium (18).

Supgest nok using eifher haloperidol or atypical antipsychobcs prophydactically to prevent delirium (20).

Privmote sheep in adull ICL patients by optimizing palients’ environments, using strabegies 1 control kght

and noise, o cluster paliend care activilies, and lo decrease slimuli al night in order o protect patients’ sleep

cyddes (10)

Do ok s rivastigrnine bo reduce the duration of delifum in G patients (16}

Suppest withholding artipsychatics in patients with baseline OT prolongation, a history of Torsades de Pointes, or

in those receiing concomitant medications known to prokong the QT interval (20).

When sadation |5 required in delirious 10U patients, supgest using dexmedetomiding rather than bereo diazepine

infusions for sedabon in these patients, unless delirium ig related 1o either alohol or benzadiazepine withdrawal (26)

by
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DELIRIUM
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{ Management of Neuromuscular Blockade in the Adult ICU

*All attempts to use alternatives to should be made before deciding to
use neuromuscular blocking agents.

Be aware that prolonged neuromuscular weakness is associated with
use of these agents. Combination therapy with steroids and/or
aminoglycosides will further add to this syndrome.

Neuromuscular biocking agents produce skeletal muscle relaxation
and paralysis. They have no amnestic, analgesic, or sedative
properties.

“**All patients receiving neuromuscular blockade should be receiving
continuous sedation and analgesic therapy during administration of
neuromuscular blockers. Bedside nurse and house staff physician
must evaluate patient.***

DRUG OF CHOICE

CISATRACURIUM
(Drip: 1mg/ml)

Bolus: 0.1mg/kg, then administer continuous infusion

Continuous Infusion: 1-2meg/kg/min

Titrate to effect using frain of four nerve stimulation monitoring
(maximum of 2-4 twiiches) or until optimal ventilation/oxygenation
is achieved.

Most patients are to receive a “drug free holiday” at 0800. The
paralyzing agent is to be turned off, atlowing the patient to come
out of paralysis to assess for prolonged paralysis and to assess if
the level of sedation and pain control are adequate.

























Mechanical Ventilation






























Mechanical Ventilators in Critically il
Patients: Physiologic Principle and
Ventilatory Strategies

Harakh V. Dedhia, M.D.
Section Of Pulmonary - CCM
Director, MICU and Respiratory Care
WVU Health Sciences Center
Morgantown, West Virginia

Mechanical Ventilators: What will be covered?

» Indication and Goals Ventilators
s How fo initiate ventilator

e Use of ventilators in obstructive airway
disease and ARDS

e Side effects of ventilators
e How to wean patient from a ventilator

» Evaluation and management of *patient in
distress” while on ventialtor

o Questions / Answers
o Graphics on Ventialtors

Q.1

A 25 year old, 50 kg woman with 2 history of
asthma experienced severe dyspnea with 2
respiratory rate of 38/min and mental status
changes. Shortly after she intubated oro-
tracheally, and started on'mechanical
ventilation. She became severely
hypotensive (60/40 mm Hg). The patient
has symmetrical bilaterally decreased breath
sounds. Her neck veinsareflat.

[Ea R T

Which gne of the following is the most
appropriate next step in managing this patient?

A. Fluid bolus with lactated Ringer's soiution

1B. Reduce the ventilator rate by 50%

C. Echocardiogram-guided pericardiccentesis
D. Bilateral chest tubes insertion
E. Fiumazenil 3.2 mg IV

indications for Mechanical Ventilation

= Ventilation abnormalities
1. Respiratory muscie dysfunction
» Respiratory muscle fatigue
+ Chest wall abnormalities
» Neuromuscuiar disease
+ Decreased ventilatory drive

e Increased airway resistance and/or
obstruction

Indications for Mechanical Ventilation

=»COxygenation abnormalities
« Refractory hypoxemia

« Need for positive end-expiratory
pressure {PEEP)

« Excessive work of breathing




Mechanical Ventilation: Goals

= Improve pulmanary gas exchange: ‘
» 1. Reverse hypoxemia {Pa0, >70, on FiO, < 0.5)
= 2. Correct life-threatening acidemia {pH}
= 3. Maintain adequate ventitation (PaC0,)

= Relief from acute respiratory distress: rest for fatigued
muscles, Decreased W.QOB.

2 Minimal puimenary barotrauma & cardiovascular
impairment: Practical Strategies

= Avoid respiratory muscle atrophy and chronic
ventilator dependence

Patient comfort and synchrony
=Weaning: ASAP and as tolerated

122 Avoid oxyaen toxicity

=3IMV = Synchronized Intermittent Mangatory

Ventilation
= AC = Assist Control
wPC = Pressure Control
PG = Presser Support
=CPAP = Continuous Positive Pressure
Ventitation
wPC = Pressure Control
=Ry = Inverse-Ratio Ventilation, Permissive

=MMY = Mandatory Minute Ventilation

Respirator Termi nology

Hypercarbia

Types of Ventilator Breaths

=Volume-cycled breath

» "Volume breath”

« Preset tidaf volume
=Time-cycied breath

e “Pressure cornfrol breath®

« Constant pressure for preset time
=Fow-cycied breath

« "Pressure support breath*

» Constant pressure during inspiration

= TGl = Tracheal Gas insulfiation

=DV = intermittent Demand Ventiation
=LV = Independent Lung Ventilation
=PRVC = Pressure Regulated Veilume Control
=PAY = Pressure Assist Ventilation
wHFEJV  =High Frequency Jet Ventilation
=ECMO = Extra Corporeal Membrane

= APRV = Airway Pressure Releage Ventilation
»ECCO, = Extra Camporeal €3, removal
=T Piece Trig

Respirator Terminology li

Oxygenation

Spontanecus Breath

_r'\\ i Time (sac}
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Modes of Mechanical Ventilation
Sporntaneous Ventilation

S
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Spon@neous Ventiation




Continuous Pasitive Airway
Pressure (CPAP)

» No machine breaths delivered

» Allows spontaneous breathing at
elevated baseline pressure

w Patient controls rate and fidal volume

-
e T T T T

)

Mechanical vs. Spontaneous

Mechanical

Spontaneous

Inspiration

/ Expiration

Expiratory Flow Pattern

Begyinning oF expiution
efiairon vehe opans
—
£ Time (ot}
£
=
3
™
Esprreinis of Vismiutn: Srachies

Inspiratory Plateau Pressure
(IPP)

™~ Airway pressure measuted at end of
inspiration with no gas flow present

w Estimates aiveclar pressure at end-inspiration

Indirect indicator of alveaiar distension

initiation of Conventional Ventilator

=MODE = SIMVIAC , TV =810 10 mikg (deaD,

»=f= 12 to 15, adjust to maintain normal PaC0,

=10, < 0.5 (may start at a higher vaiue)

= Flow rate = 40 to 60 LPM

=Maintain Paw < 50, Plateau P <30 ¢m water

=L ratic 1.2 or greater

wPEEP = § am,

w3t alarms, sensitivity, pressure support 8-10 ¢m

s Judicious use of sedatives, analgesics &
paraiytic agents

inspiratory Peak & Plateau Pressure

= High inspiratory Peak & Plateau
pressure associated with
« Barolrauma
e Volutrauma
¢ Decreased cardiac output
= Methods to decrease PP
« Decrease PEEP
« Decrease tidal volume




Inspiratory Time: Expiratory Time
Reilationship (I:E ratio)

= Spontanecus breathing 15 = 1.2
=inspiratory time determinants with
volume breaths
» Tidal voiume
« Gas flow rate
+ Respiratory rate
s Inspiratory pause

aExpiratory time passively determined

I:E Ratio during Mechanical
Ventilation

w Expiratory fime too short for
exhalation

« Breath staciing
«» Autg-PEER
» Reduce autp-PEEP by shertening
inspiratary time
« Decrease respiratory rate
« Decrease tidal volume
» Increase gas fiow rate

Flow Patterns

e

| SQUarE /.1-135{:&%-171\;5{ /
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Assist-Control Ventilation

= Volume or tims-cycied breaths + minimal
venrtilator rate

~ Additional breaths delivered with inspiratery effort

» Advantages; reduced work of breathing; aliowa
patient to modify minute ventilation

= Disadvartages: potential adverse hemadynarmis
effects or inappropriate hyperventilstion

:'A A A

A

Assist-Control Ventilation

= Voiume or time-cycied breaths + minimal
ventilator rate

= Additional breaths delivered with inspiratory
effort

= Advantages: reduced work.of breathing;
aliows patient to modify minute ventilation

= Disadvantages: potential adverse
hemodynamic effects or inappropriate
hyperventilation

Controlled Mechanical Ventilation

= Preset rate with volume or time-cycied breaths
= No patient interaction with ventilator
= Advantages: rests muscles of respiration

= Disadvantages: requires sedation/neurs-muscular
blockade, potentiai adverse hemodynamic effects

;il/K/k/k/\
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Synchronized Intermittent Mandatory
Ventilation (SIMV)

=Vclume or time-cycled breaths at 2 preset rate

= Additional spontanecus breaths at tidal velume
and rate determined by patient

= Used with pressure support

Synchronized Intermittent Mandatory
Ventilation (SIMV)

= Botential advantages
= More comfortable for scme patients
« Less hemodynamic effects
»Poiential disadvantages
« increased work of breathing

+

Pressure-Support Ventilation

w Pressure assist during spontaneous
inspiration with flow-cycled breath

= Pressure assist continues unti inspiratery
effort decreases

= Delivered tidal volume dependent on
inspiratory effort and resistance/compiiance
of lungfthorax” o :

L]
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Pressure-Support Ventilation

= Potential advantages
+ Patient comfort
« Decreased work of breathing
« May enhance patient-ventilator synchrony
= Used with SIMV to support spontareous

breaths
Anaal

. &
|

Pressure-Support Ventilation

=Potential disadvantages

= Variabie tidal volume ¥ pulmonary
resistance/complfance changes rapidly

» If sole mode of ventitation, apnea aiarm mode
may be oniy backup

« Gas leak from circuit may interfere with cyciing

Monitoring in patient on a
ventilator

»Monitor and record current Fig2

=Pal? / Fi02 Ratio, Arterial bicod gas

»].ung compliance

s fznd tidal CO2 (PC02)

=Ventilator alarms: Generally will have high and
iow alamm for Fi02, tidal volume (exhaled),

Minute voiurne, airway pressures (peak, low,
mean +}, PEEP, temperature, disconnect




Issues in Mechanical Ventilation

»[ifferent Strategy based an underlying disease

»\entilator patient aynchrony / Dys - synchrony

wAlveolar distension, Auto PEEP

=Pulmonary barotrauma / (Voiutrauma / Stretch)

=Pulmonary infection : VAP

=|nflammatory cylokines release

= Cardiovascular impaimment and Diminished
hepatic, renal & splanchnic blood fiow (MODS)

=Respiratory Muscle Fatigue / weakness

wFuid retention: ADH effect

wElevation in ICP

Q.4

A patient with severe pulmonary
disease (COPD) is admitted to the
1CU with acute hypercapnic
respiratory failure requiring ventilatory
support. The patient’s respiratory rate
is 26 breaths/min. He is started on a
mechanical ventilator.

Q.4 contd.

Which one-of the following would feast
likely be associated with dynamic
hyperinfiation in this patient?

A. Inverse-ratio ventilation

B. Pressure-support ventilation

C. Assisi-control (vé!ume) ventilation with
low inspiratary flow rates

D. Assist-control fvotume} ventiiation with
an end-inspiraiory pause

Mechanical Ventilators in Severe
airway Obstruction {SAQ)

= Can be 2 life saving

=increased morbidity &
mortaifty in patients on
MV

= Some complications are
directly atttibuted to MV:
Mean 12 % (1 to 38%)
"Le. Pneumothorax,
pneumemediastinum,
subcutaneous air,

hypotension.

Initiation of Ventilation in SAQ

Differences:

F =10 ~ 12 / min {ow}

=Flow rate 60 to 100 Umin, square wave form
= E time 1:30r 1.4

=10, as needed, PEEP physiciogical (2-5 cm)
= Avoid Aute PEEP / Air trapping

wFreguent use of CPAF and PS at higher level

Dynamic Hyperinfiation (DHI)

=Very common in Severe Airway Obstruction

»increase in lung volumes.and air rapping
wElevated Peak and Plateau pressures

1= Associated with high-incidence of both

puimonary barolrauma & cardiac impaimment

=Patients ventilation demand increases (rate,

MV, W.0.B., and PaCQ2)...... Restless,
agitated patient

= Atternpt to correct High PaCO2 by increasing

raie can worsen DHI




Dynamic Hyperinfiation (DHI}: Auto
PEEP
wTotal PEEP = Auto PEEF + imposed PEEPR

»Reflacts alveclar pressure at the end of
expiration.

=t may not be “0" (higher than imposed PEEP)

=Not readily apparent on a "casual look” at the
pressure manometer

= Accurate measurement is essential,
=Patient must be “fully relaxeg”

=Monitor flow and pressure graphics, BICORE
use

Auto-PEEP

= Can be measured on some ventilators

w» lncreases peak, plateau, and mean
airway pressures

» Potential harmiul physiologic effects

Auto-PEEP

= Can be measured on some ventilators

= [nereases peak; plateay, and mean
airway pressures’

m Patential harmiul phys:c!ognc eﬁects

Permissive Hypercapnia

= Acceptance of an elevated Paco,, e.g.,
lower tidal volumne to reduce peak airway
pressure

szontramdlcated with mcreesed intracranial
pressure

= Consider in severe asthma and ARDS
= Critical care consultabon advised

Q.2 A 35 year old man weighing 70 kg is admitted
with severe asthma requiring a ventilator. He is
sedated and paraiyzed, on AC mode with a rate of
15 breaths/min; tidal voiurne of 1000 mi;and an
inspiratory flow rate of 60 Limin, which gives an
nspiratory-expiratory (1:E) ratic of 1:3. Heis not
on any PEEP, and an end-expiratory hold
maneuver reveals an avto-PEEP of 15 cm H20.

ig_ 2 contd.

Which one of the followmg options is fikely to
be most effective in minimizing the auto-
PEER?

A, Deﬁmastng the respiratary rate of 12 breaths /:
min, giving an.LE ratio of 1:4

8. Increasing the'flcw rste to 120 Umm. gwmg
an |E rmatic of 1.7

C. Decreasing the tidal volume to 900 ;mL
D. Adding an external PEEP of 5 em 4,0

E. Changing the square root flow delivery pattemn
to a deceierating mode




Dynamic Hyperinfiation (DHi):
Methods of Assessment

- {'& _~ *lung volume
.. measurement at the
Wi end of inspiration

wMeasurement of
i Plateay pressire (P
S platy o
E aeto PEEP

DHi: Affecting Factors

»DECREASING DH}
“Less obstruction
*Increased Expiratory
tHime

»*LE ratic > 1:4

» *Lower RR, TV & MV.

=INCREASING DHI
*Severs obstruction
*Bronchospasm +++,
“LEratio 12 0r <,
=*High RR, TV & MV
{(=151L).

" .
*Low Inspiratory Flow le:?eh Inspiratory Flow
Rate .
t
*Agitated, restless i ;’;rg:r?tw » Sedated
patient

DHi: Management
wincreased Awaraness

= Pharmacologicat: Liberal use of sedatives
(decreased drive, W.0.B.-&V0z, decreased
VCOa. : -

wAggressive use of bronchodilator,
= Absolute increase in Expiratory time {Decrease

inspiratory ime). Lower RR & TV (5-8 mikg),

Increase Fiow Rate
w=Oontrolied Passive Mypercarbia (Lung
protective strategy) R
wAdd External PEEP o reduce W.0.B,

Efleci of RR, Flow & 1V
on I:E time and ratio

RR Fiowrate TV Cycle T nsp.T Exp.T LE

Putting Things Together

Obstructive Ainway Disease

i B W is a 862-yr-0ld, 52-

¥ kg femaie with severe
- amphysema. For 2

days shehas had

progressive dyspnea

and was found

diresponsive,

| - Following this

radioyraph, she

required infubation and

- initistion of mecharsical
ventiation.

Limin} (L) (sec} (sec) (sec)

ratio
5 60 . 1 4 1 3 13
12600 105 1 4 4|
2 120 - .15 o 05 45 . 19]
15 60 °. 054 05 35 17|
20 60 1 3 1 2 1:2
20 120 1 3 8.5 25 15

Putting Things Together

Qbsirustive Lung Disease

= Peaic pressure 50 cm H,0, IPP 35 cm H,C;
auto-PEEF 8 cmH,0

» Total rate 16 breaths/min
= Spontaneous VT 300-mL
= LE ratio= 1:1.5

= SpC, 100%

= o 7.20, PaCQ, B0 torr (B kPa), Pag, 215 torr
(28.7 kPa)

= BP 80/60 mm Hg, heart rate 120~140
beaatsimin




Analysis — Patient LW,

» Mypercapnia

= High peak airway pressure

= Wide peak-piateau pressure difference

= High aute-PEEP

= Low spontaneous VT despite pressure support

= Slightly high minute ventiiation, increased
Paco,

= Hypotension and tat:hy{:azéia

The interactive Part

= \What are the next steps?

= What variables) should be changed
to improve the PaC0,?

= What are the conseguences of
—change in fidal volume ?
-change in respiratory rate 7
—change inventilator mode?
~pbronchodiators ?

Obstructive Airway Disease

= Obstructive diseases require
adequate expiratory time

2 Beware of auto-PEEP

= PaCl, should be kept at patient's
basaline jevel




Lung injury in MV patients: WHY & HOW?

=[amage is induced by atveolar over distension
& degree of injury depends on magnitude,
frequency & duration of physical stretching.

=Regional variation in Lung Compliance may be
present & result in variable small airway &
alveolar strefching and over inflation.

wRepeated opening and closing (complete) of
alveoli from positive pressure ventiiators may
predispose {o barotrauma.

ARDS: Functional Lung Zones

=Heterogeneous Changes in Lung
Parenchyma

»\/arying degree of V/Q mismaich + shunt
=L ow regional Lung compliance
»High regional Airway Resistance

=Disease lung portion + + Vs not
recruitable (most)

={isease lung + + Vs Recruitable (small)
=Naormal lung portion: (smalf)

Emp.r;win'Q:'e_:bﬂ"t{;?‘té;m*e;_"fin__.i{:f'ARfDS;__
Issues éE_ci:_;G’!_-ini;:i!a{gs: |

: w'? R:ght Tidal Vllume

7 Maximal Paw: Peak,
mean.and Plateay -

- 27 Right PEEP
»? Pharmacological Rx

WNewer Techmque of

MV in ARDS: Lung protective Strategy

d8lvectar recruiiment without over distension of

alveoli

| = Prassure Control Ventilation
wPemissive Hypercarbia

=Open Lung Technigue

" {»inverse Ratio Ventilation

_jProne Position

+{sNitric Oxide inhalation

';.GSNo'n Invasive Positive Pressure Ventilation

level just above the “irflection: point” (level at
which aivedii cnﬁapse) inaiung pressure -
volume curve,:

=Tidal Volume <6 m!lkg,
= Diriving pressure < 20 cm above the PE“P
»Bressure limited mode, permissive hypercarbia

Ref Amate in N Eng J-Med 1998 338:347-54 & Am J
Respir Crit Cara Med 1895,152: 183546

=Qpen Lung '?eéﬁ'ﬁ;q’ué" ‘Goal is 16- keep PEEF.

| »Panmsswe Hypercarbm, To fimit TV and Paw

.-while allowing PaC0: to-rise, to avoidiiung
“injury (mean 66: mnge 38—-‘5 58}

TV < 6 mifikg _ :
J=Tracheal gas msufﬁation to ﬁush out COz from

‘the dead space

{Conclusion: itis safe and: ieads to better

outcome

__Ref:‘fH_ickﬁng in Intens Care Med 1950;76:372-77

" Gentilelio in J Trauma 7995; 37:846-52
Kuo in Am J Respir CCM1996,154/812-18




Inverse Ratio Ventilation
mNormal |.E ratio is 1:2 10 1:4
={RV uses extended Inspiratory time to limit I.E
rafic to <1:1 up te 2:1.
= (Often used with PC
=Sustained high mean Paw leads to recruitment
of collapsed alveoli, improved oxygenation
wdecreased dead space ventilation and shunt

=Precaution: Auto PEEP occurs, sedation is
essential, monitor cardiac function.
= Ref: Marcy in Chest 1891-100:494-504
Shanhalfz in Am J Respir CCM 7594, 149:1354-58
Abef in Thoray 1998:53:292-94

Pressure Control Ventilator:

Goals:

= FPeak airway pressure <80 cm H,0, 740 cm
= Plateau pressure <30 cm H,0 (7 35 is safe)
= High inspiratory Flow & Time
=L ow TV (5-6mi) but nearly same MV, High

RR
wincreased Mean Faw,
5380, > 92% {80}, allow Palg, to increase
=»Near Normalization of arterial pH,
=Acceptable oxygen delivery

Liquid ventilation in ARDS

wLiquid Ventilation using Perflucarbon, total or
partial, as an adjunct to conventional ventiiation

= Biologically inert comgound 'with fow.surface
tension, high raspiratory gas solubility.

s=Distributed primarily toithe dependent portion of
the lung (atelectetic, collapsediung )

=~Advantages: Reduces alveciarsurface
tensicn, recruitment of additicnal fung tissue for
ventilation, improve V/Q match, removal of
ceiluiar debris

w Ref Fufirman Crit Qare Med 1991, 18:712.722

Mirschl in JAMA 1596; 275:383-89 & Ann Surg 1998 228:682-700

Clinical  Stewart Brocnard Brower ef ARDS
Trinis et al, etal, 1998 =l 1999 Net,

] 1968 2000
N=Patient 120 116 52 861
TV
Traditional 10.8 10 102 1.8

Lower 72 7.1 7.3 6.2
TY/K/PBW
Traditional 122 113 102 118
Lower g1 7.8 7.3 6.2
Mortality _
Traditional 47 38 46 40
Lower sp 47 50 31

Main Outcome Variables
ARDS Network: NEJIM vol. 342: 130168

Variables Low TV Gt Traditional. . |P vaiue
™

Death % 3 388 o.007"
Breathing s. 65.8 55 < 0.001*
# Ventiator Free 12+ 11 16 + 1 0.007*
days
Barotraumz 10 11 .43
# of days without {15+ 11 i2+11 0.008"
MODS

I

Reasons for better outcome
ARDS Network: NEJM vol. 342 1301-08

=% Patients enrolled high which allowed the
modest differences to manifest

j=Exclusion of Pt with severe co-marbidity
i=Low Tidal volume in contrast to high Tv*

=Relatively high PEEP with iow TV

=L ow Plateau pressure and ? High mean Paw
=7 Better oxygen delivery

=7 Comection of Respiratory acidosis with Bicarp




Prone Position in ARDS

~ 55-60 % respond to prone positioning
= Repositioning is variable from 2 - 12 hr.

= Complication: Accidental extubation, loss of
vascular access, nerve injury, faciai edema,
pressure sores on face, shoulder, knee, ankle,
disiocation of infraccular lenses

WV experience: Use of Voliman Proner Devicd
= Support of cushicns and foam pads _
=Team Approach: need 4- 5 people to do it safely

Ref: Voliman in Dimens Crit Care Nurs 1987:15:184-193

Prone Position in ARDS

»improve oxygenation without affecting C0O2

={mprove ventilalion of the dersal areas as
they become nondependent...alveolar
recruitment

aHetter perfusion in dorsal areas

B e better /G match.

aResponders: Increase in Pa02 by » 10 or
PaQ2/Fi02 ratic by 30-80 , usually in 30
min, may be up to 2'hrs. ‘Also do it early

Ref: Blanch in intens Care Med 1987;23:1033-38

Joifiet in Crif Care Mad 1988;26.1877-85

New Modality To improve
Oxygenation
=Nitric Oxide Inhaiation,
=Extra corporeal CO, removal,
wixira Corporeal Membrane Oxygenation

whdditive beneficial -effect of prone position,
nifric oxide and aimitrine bismesylate on
gas exchange and O, transport in ARDS
s N = 12 patients 67% mortality
Ref. P Jolliet et al, COM 1997 p786-

PEEP Level Selection and Adjustment

=»"Best PEEP"-= vig stafic pressure-volume curve

=~PEEP set above the lower inflection point 110~
15 cm '

»"Qpen tung approach” : Provide least necessary
PEEP

=Keep alveoli open at the end of exhalation

»Measure lung compliance, Keep auto PEEP low
o0 '

| mFi0,< 0.5 (PaOFI0, > 300)

=(bserve for patential complications

Avoid Oxygen Toxicity

wKeep 8a0z = 90%, { < 95 % is ok), FiQ2 < 0.5,
FiGz > 0.6 can be ioxic & < 0.4 can be tolerated
fora 1ong time. '

=Permissive hypoxermia (Sa0z2 85 to 88 %) in
selected cases: Minimize the adverse effects by
use of sedatives, ete. & keep adequate DOz
{high Hi, C1), monitor SvOa.

=Lung Protective Strategy

Patient Monitoring during MV

=Patients comfort level, breathing pattern

wlhysiological: RR, HR, BP, Urine output

=Hemodynamic (optional): PAOP, CO, DCOg,
SVQ2

=»Gas Exchange: SpOz, End tidai CO2, ABGs,
& PaQz/ FiGz ratio.

whirway Pressure & Graphics: Peak, Mean &
Plateau pressures, PEEP, and Auto PEER,
Pressure Volume & Flow Volume
Graphics.
=Bicore monitoring in special cases




issues In Mechanical Ventilation

mincrease in infection rate (ventilator
associated pneumonia)

sEndotracheal tube related problems:
(sinusitis, laryngeal injury, tracheal
stenosis, tracheomalacia)

wPsychoiogical issues
=Allow the lung and body to heal

Cardio-Vascular Impairment: Rx

wAdequate volume replacement and
resuscitation

=lJse of vascactive drugs

s»Hemodynamic monitoring may be
necessary

=Experimental: Synchronize ventilator

breath rate to cardiac contraction (airway
pressure decreased during systole, low

VT, high RR)

Cardio-Vascular Impairment

Multipie causes of adverse cardic-vascular
effects:

~Decreased venous return & cardiac filling:
Low CVP, PACP, Ci, BP, increased HR &
{sometimes) Pulsus Paradoxus .... Good -
co-relation with high plateau and Mean
airway pressure (but, + with Peak
pressure), '

sAbnormal septal movement, RV
dysfunction.

Pafient -Ventilator ASynchrony/
Dysynchrony:
Can accur throughout the respiratory cycle:

1. Inappropriate Mode, Tidal Volume, Flow rate, ['E
ratio, PEEP, and inadequate sensitivity to datect the
patient's own effort

2. Small size (diameter) ET tube: High W.0.5.

3. Significant hypoxemia, acid base abnormalities

ES

4. Inadetuate sedatives or anaigesics: Discomfort

Ventilator Dysynchrony Rx:

mAppropriate use of sedatives & anaigesics
& judicious, limited use of paralytic drugs

=Adjust ventilator according to the
underlying pathology

=Dynamic Process: Individual need &
response is variable: The ventilator setting
may need frequent changes - “a cookbook
approach may not work”.

»Use of pressure support.

IMproving patient tolerance of ihe

respirator

=3Supportive care for neurobehavioral
abnormalities

=1V Sedation: Benzediazepines, opioids,
benadryl, etc,

=Positive reinforcement

»[evelop practice guidelines for sedation
and muscie paralysis

Fontaine, et al. Critical Care Clinics Qct,, 1994




Respiratory dlstress in ventilated
patienis

wRespirator related probiems

disease

= Development of a new
medical probiem

» Intervention and procedures
inthe ICU

»Miscellaneous: hyperthermia,
DTs, setzures, IV lipids,
drugs {bronchadilators,
vasodifators)

= Progression of the underlyingi’

Medical problems

= Agitation, restiessness, péin

= Aspiration, atglectasis; nosocomial preumenia,
brenchospasm ‘Baroirauma (pneumothorax,
BPD) _

=Impaired hemodynamics, fuid overioad,
pulmanary edema, ARDS, Pulmonary embolism

= Abdominal catastrophe

wSepsis :

Ref: Glauser in Am Rev Respir Dis 1988;138:458.85,
Fontaine, et al, Critical Care Clinics Oct, 1894

Causes of distress in ventilated
patients
Fontaine, st gl. Criicel Care Clinics Oct., 1994
= Constant bright jight and
commotion in the ICU

r Unfamiliar peapie &
machinery

= Meiplessness

= Sore bady, mouth, throat,
nose

= Being tied down
» Unable to communicate

= Tugging of ventilator
tubing

Respirator related problems

=|mproper ventilator settings: i.e. abnormal
TV, flow rate, LLE ratio, auto PEEP,
inadeguate sensitivity, FiOz, or mode of
ventiiation

=Ventilator and breathing circuit problem

=Artificial airway problems: malposition, cuff
faiiure, blockage by thick secretions, TE
fistula

Causes of distress in ventilated
patients

»Anxiety, fear, pain
»3leeplessness
=Inability fo speak
=|mmchility, noise
wonfusion, thirst

=Discrientation of time, day,
date

=Procedures

Fantaing, of al. Critieal Can Slintes Oot.,
B

Initial assessment and management

wCheck Ventilatory settings & circuit leaks for
connections, correlate exhaled TV 1o inhaied
™

»Scan bedside monitor for changes in HR
BP, Sa02, PA pressure

wExamine patient for air entry, diminished
chest wall movement, secrefions (ET
suctioning if necessary)

=Start 100% oxygen with manual ventilation




initial assessment and management

(i

»Review hemodynamics
»Exclude malposition or occluded airway

=Chest x-ray (R/C Pneumothorax), cross
table lateral

=Assess if asynchrony present; change mode
of ventilation to AC, increase rate

»Measure auto PEEP; if >5, make necessary
changes

w(onsider sedation

Weaning: What will be covered

=General Principles

=Weaning Parameters : Conventional and
Newer

aTermination of weaning

=Fple of Weaning Protocols

=Failure to Wean: causes and management
2Role of Tracheostomy

=i ongterm Care Hospitals for chronic
ventilated patients

Weaning: Discontinuation of ventilator

» Process of withdrawing 2 mechanical ventilator fram &
patient

= Weaning from Vemila%or is very summon in 10U,

= |3 there 2 problem?

= Two large trials have Shown 25 % faiiure rate on first.atiempt

{Brochard et al in Am.d Resp:CCM 1894, Esteban in NEJM
1895,

“a Diffieult to wean pationt can cause szgmﬁmnt cﬁmcal
econcmiczl and e'tmc:a% pmbiems

= A team approach of protoco! driven: weani'ng‘ieads o rapid
weaning and better outcome

= Guidelines published in CHES’I‘ suppiamem. Dee 2004,

Weaning: Discontinuation of ventilator

= Basic Evaluation:
= Resoclution of original clinical problem

2 Patient should have adeguate pain refief, less
sedated and made comforiabie.

w Acceptable acid base status

= Stable hermodynamics on clinical evaiuation (HR
BP, RR, Temperature, cardiac outpuf)

= Determining the optimal time o discontinue
ventilator can be difficalt

= An experienced physician can have an intuition as
to the likely outcame of a weaning trial.

» deveiop a76th sense”

Weaning: Methods of Assessment

= \\eaning parameters:
st be acourate,
refiabie, reproducibie,
safe, inexpensive

= Uniderstand
physiotogical meaning

= Standardized

o Nathing is absolute -

= Know your patient

Weaning Criteria: Baseline
»Gas Exchange : (ABG) PaQ, > 70 on FiQ, <
0.5, PaCQ, 3548, nermal pH
»PEEP < 8 cm, PaQ, / FIC, > 300,
wintra Pulmonary Shunt (QS/QT) < 20%,

=Mode of ventilation: AC, SIMV, CPAP, P8, T
piece

twi gvel of conscioysness

=Ability to protect airway (for exiubation)




Weaning Technigues

wMajority of the patients with normal CNS
drive, good cardio-pulmonary and muscle
function will wean with any technigue 111

= A frial of spontanecus breathingviaa T
piece (1-2 hr} or CPAP with PS {7-8cm)

=Pressure support 7 ¢m or more (able to
overcome the inspiratory W.0.B.)

={se of Synchronize IMV
=hMandatory Minute Ventilation (MMV)
intermittent Demand Ventilation (IDV).

Weaning Techniques......lI

=\olume support

=Automatic fube compensation
=Adaptive support ventilation

»*Intuition of an experienced Intensivist
= Cold turkey” - sink or swimn, “Flip a coin”

w Extubation folfowed by early CFAF or
BiPAF by nasal or full face mask

Weaning Parametrs: Basic...

= Pulmonary mechanics: RR> 10& <30,
TV Sp > 5 mikg, TV sp > 350-400 mlis a good
indices for success. If TV <200 mi —failure, MV
>5 and < 10 L, Luny compliance Cayn: = TV/
PAP - PEEP) > 30 micm,

= fuscle Strength: NiF > -30 cm {N -85 o 100)
FVC > 15 mitkg or >4, (N =85 - 75 mifkg)

20 Sensitivity and specificity of individual parameter is
very iow. 4/8 criteria must be present for
successiul outcome.

w Rapid Shallow Bmathing Tadex =TV L) <80,
no extubation if > 105. Marginal between-90 ~1 05

Weaning.... li

2Clinical Observation: Paradoxical motion of
abdomen, Respiratory alternans. Abnormal
motion 2° toincreased {oad, suggests
respiratory muscle fatigue

REBA Breaths per min / TV(L) = Rapid,
Shallow Breathing Index (breathing pattern)

»ETV = 60-80 (> 105, failure +++)

#if Ti/ Trotis 0.3 to 0.4, then increased fatigue
is likely

Single most sensitive and reliable indicator

Termination of Weaning Trial

swHR > 110-120/min {>25% baseline), f > 30 -35/min

= BP rise > 25%, diastolic >100 or drop in SBP,
Cardiac arrhythmias, ST-T wave changes, or chest
pain

= Significant hypoxemia or high PaCQ,

w Paradoxical motion of abdomen, Respiratory
alternant. Abnormal maotion 29 to increased load,
suggests respiratory muscie fatigue

= Asynchronous breathing, Diaphoresis & nasai flaring
increased patient effort, Increased sternomastoid
activity, retraction seen in the suprasternal,
supraciavicular &/or intercostal spaces

= Altered level of consciousness, agitation

= Development of cyanosis is a late sign.

Patient Monitoring during MV

=Patient’s comfort jevel, breathing pattern

= Physiological: RR, HR, 8P, Urine output

=Hemodynamic {optional): PAOR, CC, DOz,
SV02

=»Eas Exchange: SpQz, End tidal CO2, ABGs,
& PaQz/FiQz ratio.

= Ajrway Pressure & Graphics; Peak, Mean &
Platesu pressures, PEEP, and Auto PEEE,
Pressure Volume & Flow Volume
Graphics.

=Bicore monitorng in special cases




Patient -Ventilator Asynchrony or
Dysynchrony:
Can oceur throughout the respiratory cycie:

1. Inappropriate Made, Tidal Voiume, Fiow rate, LE
ratio, PEEP, and inadequate sensitivity to detect the
patienfs awn effort,

2. Small size {diameter) ET tube: High W.0.B,
3. Significant hypoxemia, acid base sbnormalities

4. inadequate sedatives or anaigesics: Discomfort

Ventilator Dysynchrony Rx:

=Appropriate use of sedatives & analgesics
& judicious, limited use of paralytic drugs

=Adjust ventilator according to the
underlying pathalogy

»[ynamic Process: Individual need &
response is variable: The ventiiatar setting
may need frequent changes - “a cookbook
approach may-not work”.

={Jse of pressure support.

Improving patient tolerance of the respirator
Fontaine, et al. Critical Care Clinics Oct., 1984

»3upportive care for neurobehavioral
abnormailities

=1V Sedation: benzodiazepines, opicids,
benadryi, etc.

=»Posiiive reinforcement

»Develop practice guidelines for sedation
and muscle paralysis

Failure to Wean: Causes

Up to 25% received prolonged ventilation
aPersistent pathology: i.e. sepsis, ARDS, COPD,
underying lung disease
=High ventilation requirement: high MV, V/IQ
mismatch, increased VD/VT or RQ , Increased
work of breathing

wCardio - vascular imitation (decrease CQ)
=Diminished muscle strength

= inadequate pain relief -

=Psychological, respirator dependency

wMiscellaneous: Abnommal central drive, CNS
injury, flail chest

FAILURE TO WEAN: CAUSES... 1l

wExcessive airway secrefions

=Drugs: Sedatives, narcotics, paralytic
agents, steroid therapy

=Mainutrition, hypothyroidism
aElectrolyte imbalance; low K, PO,, Mg, Ca

={.ack of muscie strength, disuse atrophy,
discoordination of respiratory muscles

==Neuropathy, Myopathy of critical iliness,
Cervical spine or Phrenic nerve injury

Respirator related problems

=improper ventilator settings: i.e. abnomal
TV, flow rate, 1:E rafio, auto PEEP,
inadequate sensitivity, FiO2, or mode of
ventilation

=Ventilator and breathing circuit problem

= Artificial airway problems: malposition, cuff
faijure, biockage by thick secretions, TE
fistula




WMedical problems
= Agitation: anxiety, resfessness, pain, fear,
Sleeplessness

= Aspiration, atelectasis, nosacomizl preumenia,
bronchospasm, Barotrauma (pneumothorax, BPD),
Procedures

= inability to speak, Immobility, noise, thirst

= Cenfusion, Disorientation of time, day, date

» Impaired hemedynamics, fluid overioad, puimonary
edema, ARDS, Pulmonary embolism

= Abdaminal catastrophe, Sepsis

Ref Fontaine, et al. Critical Care Clinics Qct., 1094,
Glauser in Am Rev Respir Dis 1988;138:458-65,
Fomtaine, et al. Critical Care Clinics Qct, 1954

Work Of Breathing By Respiratory
Muscies

»Physiologic work + Imposed work

o {(Elastic work {o expand lung and chest wall,
fiow resistive work to overcome airway
resistance}

PLUS

Resistive work imposed by breathing
apparatus

« Range 0.3 to .6 Joule/L,

Bicore Monitor CP-100
wRicore smart cath esophageal 7F (3540
cm mark) balioon, NG tube 18.FR ..
=Measurement of PAW, Peso, Air Flow

From this, -another 25 variabie are
monitored/calculate

»Flow transducer
aAutomated inflation volume of 0.8 mi,
fréguency response of 30 Hg. _

Increase Work Of Breathing

{mDecrease lung and/or chest wall

compliance
=Bronchospasm
=increase MV and VDT

|+increase auto PEEP

=Smalier ET tube diamster |
wAltered sensitivity: Triggering the
ventilator

Bicore Monitor

Strength Endurance
»WOB 0.3- 8 »Py1  2-4cm
JiL H,0 :
=B Max > 30 cm »FT]  0.05-0.12

@Pes 510 cm
=MV 510 LPM

~TifTiof 0.3 - 0.4
wF/TV (L)

Weaning Technigques: Monconventional

= Special measurements: Research
» V02 Rasp < 5%
= TTdi {tima tension index = endurance <0.15)

= EMGdi hific > 80%, T/ TTOT Power spectrum shift in
EMG

=Pdi/ Pdi max < 0.40 , WOB 0.3-0.5 JA.,
wVONT < 0.6, VOZ2, Change in Pes 5-10 ¢m (BICORE)

jw PTI (pressure ime index 0.05-0,12)

e PO {respir. drive) 24 .em , > 8 cm = failure, <2 =
good

Airway pressure ganeratized at 0.15 sec. after initiating

inspiration against ciose airvay




Managing patient with weaning Difficulties

= identify the cause, correct the underlying problem
= Team Approach (physician, nurse, RT, P, Distitian,
family members}

= Adequate rest, sieep, anaigesics, sedatives and
antidepressant

= Psychological support, positive teinforcement, QOB

= Optimal bronchadiattors, good pulmonary toilet,
tracheostomy

» Proper ventilator setiings.
= Respirataty muscle strengthening exercises
= Tertiary care or Rehab hospital

Non invasive Positive Pressure
Veniilation

= Assisted Mechanical Ventilation without an zrtificlal
airway is designed to inflate the chest with positive
pressure applied through a mask
= fask: nasal or full face
= CPAP, BIPAP : Bilevel Positive Alrway Prassure
= ADVANTAGES :
Patient comfort & independence
Decreased nead for sedation & muscle relaxants
Low incidence of V-A-P, sinusitis

NIPPV: Suitable Candidates

CLINICAL ASSESSMENT:

»Moderate to severe respiratory distress: RR
>25, using accessory muscles, paradc;acai
breathmg '

=Acute or chronic hypamarbla PaCQz »45, pH
<7.358, but> 7.1

= Acute pulmonary edema

»Hypoxemic respiratory Taliure: Acute Lung
injury (PaQ, /Fil, < 300)

=Post extubation: Ventilatory support

NiPPV: Suitable Candidates (i)

#DIAGNOSIS:
* Exacerbation of acute COPD
* Acute respiratory failure due to pneumonia,
acute asthma, post operative resp. faiiurs,
and neuromuscular weakness
=Patient must be awake & co-operative, abie
to protect the airway (no orlow risk for
aspiration), & understand & participate.

Permissive Hypercapnia

= Acceptance of an elevated PaCo,, e.g.,
jower tidal voiume to reduce peak airway
pressure

» Contraindicated with increased infragranial
pressure

= Consider in severe asthrma and ARDS

= Critical care consultation advised

Putting Things Together
Acute Lung Inflammation 7 ARDS

J.T. is 2 6B-ky, 42-yr old
female admitted after a
druy overdose comapli-
cated by emesis and
aspiration. Intubation
and mechanical ventila-
tion are initiated in the
emergency departrment.




Putting Things Together
Acute Lung Inflammation / ARDS

= Peak airway pressure 52 cm H,0

= ingpiratory plateau pressure (IPP) 48 cm

H,0
= ALe-PEEP O cm H,0
= Sp0, 88%

=~ pH 7.38, PaCD, 36 torr (4.8 kPa),
Paqg, 57 torr (7.6 kPa)

Analysis - Patient J.T.

= Hypoxemia with F10,at 1.0
= Migh inspiratory plateau pressure
= Adeguate ventilation

= Sedation/neuromuscular blockade

The Interactive Part

= What are the next steps?

= What variable should be changed
o irnprave Pag,? C

= \What are the conseguences of the
following ventilator changes?
« increased PEEP
« Decreased fidal volume

. o Increased respiratory rate

Acute Lung injury

~Decreased lung compliance results
in high airway pressures

w{ ow tidal volume often needed

=Maintain PP < 30 cm M0

»PEEP to improve oxygenation




State of the Art

Worsening Oxygenation in the Mechanically Ventilated Patient

Causes, Mechanisms, and Early Detection'*

FREDERICK L. GLAUSER, R. CRYSTAL POLATTY, and CURTIS N. SESSLER

Introduction

Mechanical ventilation is commonly
employed in the intensive care unit (ICU)
(1-5). In our 12-bed Medical-Respiratory
ICU at the Medical College of Virginia,
an average of 7 + 1.8 parients are receiv-
ing mechanical ventilation at any one
time (12-month survey). Although this
modality is often life-saving (or at least
life-prolonging), patients may experience
significant reductions in oxygenation. It
is our clinical impression that hypoxemia,
or impaired oxygenation (these terms will
be used interchangeably), in critically ill,
mechanically ventilated patientsis a com-
mon event that has not been specifically
addressed in the medical literature (6, 7).
In this article, we will first briefly review
the physiology and determination of im-
paired oxygenation. We will then review
the conditions that result in worsening
oxygenation in depth and present guide-
lines for rapidly identifying the causes
of impaired oxygenation.

Physiology of Impaired Oxygenation
Tissue oxygenation, which is dependent
upon adequate oxygen delivery and ex-
traction, and not the Pao, per se, is the
critical factor for organ survival and
function (8). The arterial oxygen content
(Cao,) depends upon the amount of he-
moglobin present, the position of the
oxvhemoglobin dissociation curve, the
Pap,, and the affinity of oxygen for he-
mogiobin. The Cap, may be normal, and
inadequate tissue oxygenation may be
present if the cardiac output is insuffi-
cient to meet demands. Finally, tissue ox-
ygen extraction depends upon oxygen
delivery, the ability of hemoglobin to off-
load oxygen, and the affinity of celiular
mitochondria for oxygen (8).

Physiologic mechanisms that result in
inadequate pulmonary oxygen uptake in-
clude ventilation-perfusion (V/Q) mis-

4BB

matching, shunting, hypoventilation, low
Pao, (from an increase in altitude or a
decrease in Fig,), and diffusion abnor-
malities. A low Pao, and widened alve-
olar-arterial oxygen (A-ag,) difference
(see below) are associated with V/Q mis-
matching and shunting. An elevated
PAco, indicates some degree of alveolar
hypoventilation that may be “absolute,”
i.e., the result of a decrease in minute ven-
tilation (VE) or “relative,” i.e., due to an
increase in dead space (Vb/VT) with an
unchanged or increased V. In these sit-
uations, the A-ag, difference is not in-
creased. However, if V/Q mismatching
or shunting is also present, the A-ag,
difference will widen. Low Fig, and dif-
fusion abnormalities are rarely clinically
significant problems.

Impaired oxgyenation is not always
due to worsening lung problems. For ex-
ample, under certain circumstances a re-
duced cardiac output with a low Pvg,
causes a fall in arterial oxygenation, par-
ticularly when regional gas exchange ab-
normalities exist. A fall in Pvo, from ap-
proximately 40 10 30 mm Hg in patients
with stable V/Q mismatching or a 30%
constant shunt (and constant minute ven-
tilation) decreases the Pag, from approx-
imately 55 to 45 mm Hg (9, 10). Con-
versely, when oxygen consumption falls,
Pagp, may improve even if cardiac output
remains stable or decreases.

Determination of Impaired Oxygenation

It is important to consider the Pag, in
relation to the Pag, or Fin, when con-
firming that impaired oxygenation is
present. This can be done by calculating
the A-ag, difference, the a/Ag, or the
a/Flo, ratio (table 1) (11). Because the
A-ag, difference increases as the Fio, is
raised, the aforementioned ratios are par-
ticularly helpful when suppiemental ox-
ygen is administered. In essence, these are

“extraction” ratios that reflect the abili-

ty of the pulmonary capillary blood to -

remove or “extract” oxygen from the al-
veolus. If the patient’s pulmonary con-
dition and cardiac output are stable, these
ratios will not change significantly as the
Fio, varies. The alveolar Pco, is taken
into account when calculating the a/Ag,
ratio. However, for most clinical situa-
tions where the Paco, is not fluctuating
widely, the a/F1o, can be used because
it is simpler to calculate.

Causes, Mechanisms, and Detection
of Impaired Oxygenation

We will arbitrarily divide our discussion
into (f) ventilator-related problems, (2)
progression of the underlying disease
process, (3) the onset of a new probiem,
or {#) certain interventions, procedures,
and medications, all of which can result
in impaired oxygenation (table 2).

Ventilator-related problems include en-
dotracheal (ET) and tracheostomy tube
malfunctions, improper ventilator set-
tings, and ventilator and breathing cir-
cuit malfunctions (12). Proximal or dis-
tal migration of the ET tube or transient
changes in the tube cuff {or tip) relative
to the vocal cords due to flexion, exten-
sion, or rotation of the patient’s neck are
common events (7, 13, 14). In individual
cases, ET tube displacement may be
greater than 5 cm, although the average
is about 2 cm (13). A low-positioned ET

(Received for publication October 14, 1987)
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TABLE 1
DEFINITIONS OF IMPAIRED OXYGENATION®

Normal Values Abnormal Values
Pag, 65~70 mm Hg < 65 mm Hg
A-aq, 15-20 mm Hg > 20 mm Hg
afho, 0.8-0.85 <07
alFig, > 400 < 350

" Vaiues are somewhat arbitrary; a fall in any value graater
than 1010 15% from ine patient's bassine can aiso be consi-
dared cinically significant.

tube results in ventilation of one lung,
with an increased risk of barotrauma and
decreased venous return (7, 13-15). Ap-
proximately 10% of ICU patients ex-
perience right main stem bronchus intu-

bation (7, 13-15). This can be detected _

by noting the presence of unilateral
breathsounds over the ipsilateral main
stem bronchus. Caudal migration of the
ET tube relative to the nares or mouth
{compared to the previous position) sup-
ports this diagnosis, and withdrawal of
the ET tube with subsequent return of
bilateral breathsounds confirms and cor-
rects this condition.

An ET tube positioned too high may
lead to tracheal extubation with subse-
quent alveolar hypoventilation, a prob-
lem that is less common in patients with
tracheostomy tubes. If the ET tube is
above the vocal cords, the patient can-
not be adequately ventilated, can pho-
nate, and air escapes through the nose
and mouth. Cranial migration of the ET
tube is aiso present. Cuff leaks, which
accounted for 34% of ET tube compli-

- cations in one study (15), result in alveo-
lar hypoventilation and loss of PEEP. In
this situation, cuff pressure cannot be
maintained. For a variety of reasons, the
ET tube cuff may fail to “seal” the air-
way (15).

Rarely, ET tube kinking (typically with
nasotracheal intubation using soft rub-
ber tubes), which is often positional, or
plugging of the tube with inspissated
secretions or blood will not allow venti-
lation or suctioning (14). Replacement of
the ET tube corrects this problem.

Occasionally, the esophagus is intubat-
ed when ET tubes are repositioned. Ab-
sent chest excursion and “breathsounds”
heard loudest in the abdominal region
suggest this diagnosis (which may be dif-
ficult to detect or confirm). If immedi-
ately available, endotracheal intubation
can be confirmed with fiberoptic bron-
choscopy and/or by measuring exhaled
CO, (16).

Inadvertant or inappropriate changes
in any of the ventilator settings includ-
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TABLE 2

CAUSES OF IMPAIRED OXYGENATION IN CRITICALLY ILL,
MECHANICALLY VENTILATED PATIENTS

. Ventilator-related problems
a. Ende h

Woiret

b. Improper ventilator settings

y tube

ons

c. Ventilator and breathing circuit malfunctions
2. Progression of underlying disease process
a. Adult respiratory distress syndrome

b. Cardiogenic puimonary edema

¢ Pneumonia

d. Alrway abstruction—asthma and COPD

3. Onsel of a new problem

a. Simple, tension, anterior loculated pneumothoraces

. Lobar atelectasis
. Gastric aspiration
. Nosocomial pneumonia
. Pulmonary emboli
Fluid overfoad
. Microatelectasis
. Bronchospasm
Aetained secretions
. Shock
4. Interventions and procedures
. Endotracheal suctioning
. Pasition changes
. Chest physical therapy
. Bronchoscopy
. Thoraceniesis
Peritoneal dialysis
9. Hemodialysis
5. Medications
a. Bronchodilators
b. Vasodilators
6. Miscallaneous

MMowm e A D

o o0 o

ing Fio,, tidal volume (VT), respiratory
rate (f), PEEP, inspiratory flow rates, and
inspiratory/expiratory (I/E) ratios can
potentially result in hypoxemia. In one
series, human error was responsible for
38.6% of all ventilators incidents (17).
Ventilator settings may be appropriate,
but an electrical and/or mechanical mal-
function results in fluctuations in Fio,.
The oxygen percent selector setting
should reflect the desired Fio,. Gas mix-
ing accuracy is generally within 3% with
modern ventilators; however, this should
be confirmed by checking the visual dis-
play of the measured oxygen concentra-
tion. If a discrepancy exists, the Fig,
should be confirmed with another ox-
imeter. Because many ventilators do not
establish the intended change in Fio, for
10to 20 s after the dial has been changed,
several minutes shouid elapse before
rechecking the Fio,.

Mechanical failure (inability of the
ventilator to cycle or loss of pressure
and/or effective VT) accounted for 14%
of all ventilator problems in one series
(18). Expired minute volume should be
measured and compared to calculated
ventilator delivered (IMV + spontane-
ous) volume. Many ventilators display
measured expired minute volume; how-

ever, if questions remain, volume should

. be measured directly using an appropri-

ate measuring device.

Malfitting or uncoupled breathing cir-
cuit connections, defective material, or
mechanical obstruction from kinks or in-
traluminal fluid may cause inadequate
gas delivery. When a leak is suspected,
the entire circuit must be closely evalu-
ated. With a leak in the gas delivery cir-
cuit (anywhere between the ventilator and
the ET tube), peak airway pressure is of-
ten less than previously measured.

Inadvertent or unwise changes {either
decreases or increases) in PEEP may,
rarely, worsen V/Q relationships, leading
to impaired oxygenation (19, 20). PEEP
is typically used in patients with the adult
respiratory distress syndrome (ARDS),
a diffuse, bilateral interstitial and alve-
olar process that does not involve all lung
areas equally (21). Excessive PEEP lev-
els may overdistend the more compliant,
normal alveoli (19-21). When alveolar
pressure exceeds capillary pressure, blood
flow decreases or ceases to the affected
units. Vo/ VT increases in these units with
a resultant increase in Paco, (unless VE
increases). Blood flow is diverted to poor-
ly ventilated or unventilated units, lead-
ing to V/Q mismatch and shunting result-
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ing in hypoxemia. These deleterious ef-
fects of PEEP may be seen as the ARDS
is resolving, because pulmonary edema
is cleared in a nonuniform fashion. The
presence of excessive PEEP may be de-
tected by decreasing the PEEP by 3 cm
H,0 for 3 min, obtaining an arterial
blood gas, and returning the PEEP to
the original level. If the Pag, falls by 209,
or greater compared to baseline levels,
excessive PEEP is not present. Converse-
ly, no change or a rise in Pag, implies
the PEEP level was too high.
Hypoxemia can also be the result of
a fall or complete loss of PEEP. The lev-
el of PEEP can be determined by observ-
ing that airway pressure (via the ventila-
tor gauge) is positive at end-exhalation.

Patients with predominantly unilater-.

al pulmonary infiltrates may experience
substantial falls in Pap, at higher PEEP
levels (19). The clinician may incorrectly
interpret the fall in Pag, as a worsening
of the patient’s ARDS and increase the
PEEP level, thus initiating a vicious cy-
cle of worsening oxygenation, further in-
creases in PEEP, worsening oxygenation,
etc.

Finally, in the past, in order to obtain
a “true” reading, the pulmonary wedge
pressure was measured after removing the
patient from mechanical ventilation and
PEEP (22). This practice resulted in sig-
nificant hypoxemia in these critically ill
patients. Most centers have banned this
practice, and the pulmonary wedge pres-
sure is obtained without lowering the
PEEP level.

Patient-related problems inciude rap-
id progression of the underiying disease
process or the onset of a superimposed
disorder (a new disease process or patho-
logic event) (table 2).:An in-depth dis-
cussion of the causes and mechanisms
for the impaired oxygenation in these dis-
orders is beyond the scope of this review,
and the interested reader is referred to
standard textbooks. 'However, pneu-
mothorax and atelectasis will be dis-
cussed in some detail because they are
relatively frequent events in critically ill,
mechanically ventilated patients.

Pneumothoraces can be arbitrarily
classified as simple (no tension), tension,
and loculated, The new onset of unilater-
al, decreased breath sounds and respira-
tory distress suggests the presence of a
tension pneumothorax (or extensive
atelectasis, see below) (23-30). Findings
consistent with the presence of a tension
pneumothorax include diminished breath
sound, hyperresonance, bulging inter-
costal spaces, contralateral tracheal shift,
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Fig. 1. Patient with anterior p sthorax and bil

prneumanias, Lefi heart border (0pen arrows) is more

clearly seen compared 1o right heart border; teft diay

gm (d) is dep

d; left cardiophrenic angle is clearly

seen {solid-armow); and cardiophrenic angles are asymmetric.

internal jugular venous disteution, sub-
cutaneous emphysema, tachycardia, and
systemic hypotension. Pulmonary inter-
stitial emphysema on a previous chest
roentgenogram is a valuable clue to im-
pending pneumothorax (23, 24). In one
series, 17 of 82 mechanically ventilated
patients with respiratory failure devel-
oped radiologic evidence of pulmonary
interstitial emphysema. Eight of these pa-
tients subsequently developed a tension
pneumothorax (25), The initial therapeu-
tic approach is to insert through the chest
wall a small-gauge needle that is attached
to a liquid-filled syringe. If a tension
pneumothorax is present, air will bub-
ble under pressure through the liquid.
Definitive therapy consists of thoracos-
tomy tube insertion.

In our experience, anterior loculated
pneumothorax is common and often dif-
ficult to diagnose in these patients (fig-
ure 1, table 3). An upright or bilateral
decubitus chest film may allow free air
to'move to the superior aspect of the tho-
racic cage, making the pneumothorax
more apparent. Treatment consists of
chest tube placement.

Mucus plugging and resultant lobar or
whole lung atelectasis may cause pro-
found hypoxemia due to shunting and
is characterized (on physical examina-
tion) by tubular breath sounds (increased
sound transmission) and a dull percus-
sion note Atelectasis is confirmed by
ciest roentgenogram and may respond
to vigorous chest physical therapy (CPT)
and/or fiberoptic bronchoscopy. Marini
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TAELE 3

RADIOLOGIC SIGNS OF AN ANTERIOR PNEUMOTHORAX
IN THE SUPINE PATIENT

— e

. Asymmetric cardiophrenic angies
. Luesn! cardigphrenic angle

. Unusual clarity or sharpness of haeart or diaphragm

1

2

3

4. Basilar hyperlucency

5. Depressed diaphragm

6. Double diaphragm sign

7. Pericardial fat pad prominent
3]

. Visibility of inferior lung edge of other visceral pieural adge

and associates (31) compared the useful-
ness of these techniques in the treatment
of acute lobar atelectasis in 31 IC:U pa-
tients. They found that the addition oi
fiberoptic bronchoscopy with lavage Lo
a vigorous respiratory therapy regimen
was not helpful in patients who could un-
dergo CPT treatments, However, they
noted in 5 of 13 patients (48%) an 1n-
crease in A-ag, difference of 25% (the
actual Pag, are not given) in those un-
dergoing fiberoptic bronchoscopy. In
contrast, the largest increase in this gra-
dient after CPT was 14%, They conclude
and we concur that “fiberoptic bronchos-
copy is not required for reversal of acute
lobar collapse in most cases and that it
may be associated with adverse effects.”
We reserve fiberoptic bronchoscopy With
lavage for patients (7) with refractory, life-
threatening hypoxemia unresponsive to
supplement oxygen, (2) who cannot toler-
ate positional changes or CPT, and (3)
who do not respond to 24 to 48 h of CPT.
A variety of pulmonary and nonpul-
monary interventions and procedures are
performed on mechanically \’Cﬂt}}mﬁd
ICU patients. Some are “routine (en-
dotracheal suctioning, position changss,
chest physical therapy), whereas othe{s
are specific diagnostic or merapeut:m
procedures (bronchoscopy, thoracentesis,
peritoneal dialysis, hemodialysis). A!~
though these procedures achieve their
desired goals, all may be associated with
worsening of oxygenation. .
Tracheal suctioning, although effective
in removing airway secretions, is ?ssocl?.t»
ed with a variety of complications, in-
cluding tracheobronchial mucosal trau-
ma, microatelectasis, dysrrhythimias, car-
diovascular collapse, sudden death, and
hypoxemia (32-38). Mean Pao, decreases
vary from 10to 39 mm Hg, but individu-
al declines may be much greater (32-35).
Hypoxemia can last as long as 15 min
after suctioning (32). Most invqsngatofs
feel suction-induced hypovemllqtmn is
the principle mechanism responsible for
the fall in Pag, (tabie 4). Others feel that
reflex bronchoconstriction caused by me-

chanical tracheal stimulation is partly
responsible for these findings (32).
Positional changes (39-44), particu-
larly in patients with predominantly
unilateral lung disease, are associated
with falls in Pag, when, through gravita-
tional effects, blood is shunted through
the dependent abnormal or “sick” lung,
In one series, Pao, fell approximately
30% from baseline in mechanically ven-
tilated patients (35). Changes in position
may also impair oxygenation in patients
with ARDS, a bilateral disease (41).
Chest physical therapy includes postur-
al drainage, manual percussion, chest
vibration, and coughing maneuvers. CPT
facilitates mucociliary clearance, in-
creases expectorated sputum volume, and
improves airway function in the mechan-
ically ventilated patient (45-52). It is
more effective in patients with copious,
compared to those with scant, secretions
and/or pneumonia (45, 48). Pag, may fall
(a2 mean decline of 20%) after CPT in
patients who produce no or thin mucoid
sputum (41, 44). Post-CPT hypoxemia
may be due to bronchospasm or the
migration of distal secretions to larger,
more proximal airways, increasing V/Q
mismatching. It is probably not due to
the positional changes associated with
CPT, at least in patients with COPD (52).
Fiberoptic bronchoscopy is associat-
ed with hypoxemia in spontaneously
breathing, nonmechanically ventilated
patients {53-59). Postbronchoscopy hyp-
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oxemia may persist for as long as 3 hin
a small percentage of patients (54). In-
creasing intrapulmonic shunt, V/Q mis-
matching, bronchospasm, and occlusion
of a main stem or smaller bronchus may
be responsible for this fall in Pag,. Sur-
prisingly, postbronchoscopy hypoxemia
(at least in one study) was less common-
ly encountered in mechanically ventilat-
ed compared to spontaneousiy breath-
ing, nonintubated patients (57). This
finding may be due to the fact that bron-
choscopy is more often a therapeutic pro-
cedure in mechanically ventilated pa-
tients, ie, for removal of secretions,
reversal of lobar or whole lung atelecta-
sis, and “improved gas exchange” (55).
Lindholm and colleagues (55) noted min-
imai inereases in Pag, during and 15 min
after bronchoscopy in 15 mechanically
ventilated patients, However, they warn
(without any objective evidence) that the
risk of developing hypoxemia exists.
Thoracentesis has been associated with
hypoxemia in some (60, 61), but not all,
studies (62). Brandsetter and Cohen (60)
found a small fall in Pap, 20 min after
thoracentesis, whith persisted (to a lesser
degree) for at least 2 h. These investiga-
tors aiso noted a direct relationship be-
tween the volume of fluid removed and
the degree of hypoxemia present at 20
min after thoracentesis, Hypoxemia may,
in some patients, be due to the develop-
ment of unilateral (re-expansion) pulmo-
nary edema (61). In others, it may be due
to worsening V/Q relationships as pul-
monary blood flow, which had been ab-
sent or low, increases to areas with per-
sistant airway closure or alveolar collapse.
A fall in Pag, is a consistent finding
in spontaneously breathing, nonintubai-
ed patients undergoing upper gastroin-
testinal endoscopy (we are unaware of any
studies performed in intubated, mechan-
ically ventilated patients) (63-69). Pag,
falls as the endoscope is inserted and re-
mains depressed during and for a short

TABLE 4
PROPOSED MECHANISMS FOR POST.SUCTIONING HYPOXEMIA

Depends on tha following:

1. The amount of suction pressure and flow applied

. The initial Pag,

¥R
. Reflex bronchoconstriction

SoeNmmE©LD

-

The duration of suctioning

The ‘s internal di ter and sidebore arifice size
Hyparventilation prior to suctioning

The inistration of st wal o

The amount of suction relatad smali airway closure (atelectasis)

The presence of intrapulmenic shunts




time after the procedure. Mean falls in
Pag, average 15 to 25%. Patients with
chronic obstructive pulmonary disease
(COPD) are more prone to endoscopi-
cally induced hypoxemia (69). The etiol-
ogy of this endoscopically induced hyp-
oxemia is unclear but is not related to
the sedative administration, gastric aspi-
ration, a history of cigarette smoking, or
hypoventilation. Postulated mechanisms
include: (J) insertion of the endoscope
induces vagally mediated bronchospasm,
(2) endoscopy releases prostagiandin F,
which induces bronchospasm and/or
vasospasm leading to V/Q mismatching
and hypoxemia {66), and (3) narcotic
{meperidine) premedication, particular-
ly in the elderly patient, may lead to re-
spiratory ‘depression (65).

Peritoneal dialysis is associated with
a multitude of pulmonary problems, in-
cluding pleural effusions, gastric aspira-
tion, basilar atelectasis, changes in pul-
maonary artery pressures, and hypoxemia
{70-74). The intraperitoneal fluid may
elevate the diaphragms, inducing basilar
atelectasis, V/Q mismatch, and hypox-
emia. Other investigators have not found
any changes in oxygenation during dial-
ysis (70).

Worsening arterial oxygenation is a
common finding in patients undergoing
hemodialysis (75-81). The fall in Pag, is
present within 10 min of initiating dialy-
sisand persists, to a lesser.extent, for the
duration of the procedure (76, 77, 79, 80).
The etiology of this worsening oxygena-
tion is controversial, and several mecha-
nisms have been proposed: (1) the dialyzer
membrane interacts with the patient’s
blood, activating complement that causes
leukoagglutination. These leukocyte-
aggregates impact and are trapped in the
pulmonary microvasculature, leading to
V/Q mismatching and, possibly, intersti-
tial edema (79). However, recent data
tend to exclude leukagglutination as a
major factor (80, 81). (2) CO, is lost to
the atmosphere through the dialyzer
membrane. Thisleads to a fall in arterial
and mixed venous Pco,. To maintain tis-
sue and blood CO, stores, the patient
hypoventilates; this results in hypoxemia
with a2 normal A-ap, difference (80). (3)
Some combination of these mechanisms,
and (4) changes in V/Q relationships in
the absence of leukocyte-trapping or
hypoventilation. This mechanism was
proposed by Jones and associates (77),
who found a fall in Pag, in a group of
mechanically ventilated patients with an
unchanging Ve during hemodialysis.

A multitude of medications frequent-
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TABLE 5
PROPOSED CAUSES OF VASODILATOR-INDUCED HYPOXEMIA

1. Changes in distribution of pulmenary biood flow secondary 1o drug-induced increases

in cardiac output

2. Relief of hypoxic puimonary vasoconstriction as mixed venous O increases
3. Inhibition of hypaxic vasocanstriction by the drugs themselves, particutarly by calcium

antagonists

4. Increases and decreases in intracardiac and pulmanary anery pressures, leading 1o

redistribution of pulmonary blood flaw

5. Direct action of drugs on puimonary vascular tone

1y used in the ICU setting can impair oxy-
genation. Bronchodilators, such as intra-
venously administered aminophylline, in-
haled salbutamol and isoproterenol,
reverse large and small airway bron-
choconstriction. They also possess in-
otropic and vasodilator properties and
can increase perfusion to poorly venti-
lated lung units, resulting in V/Q mis-
match and worsening hypoxemia
(82-86). In some patients, although V/Q
mismatch may worsen after bronchodi-
lator treatment, the increased Pvo, as-
sociated with an increased cardiac out-
put may actually increase the Pag, (9, 10).
However, as many as 50% of asthmatic
patients may experience a sustained (as
long as 40 min) fall in Pag, after success-
ful treatment of their bronchoconstric-
tion (82). Pretreatment pulmonary func-
tion findings in patients who experience
post-treatment hypoxemia are similar to
those patients whose Pag, remains the
same or increases (82). Some investiga-
tors have found that patients with the low-
est baseline Pag, either have a very small
or no fall in Paq, after wreatment (84).

Many vasodilators are associated with
a fall in Pao, (82-107). Nitroprusside, in-
travenous nitroglycerin, and minoxidil
administration in an animal model {oleic
acid infusion) of ARDS is associated with
a 20% fall in Pao,; however, tissue oxy-
genation is maintained because cardiac
output increases (90, 92, 100, 102). In hu-
mans, sublingual nitrogiycerin, nitro-
prusside, nifedipine, and phentolamine
have all been associated with post-treat-
ment hypoxemia. The cause(s) of vaso-
dilator-induced hypoxemia is unclear
{tabie 5).

In contrast to the above drugs, hydral-
azine is associated with an increase in

Pag, in patients with left ventricular fail-

ure and cor pulmonale (87). Similarly,
in an animal model of ARDS (i, oleic
acid infusion), hydralazine did not cause
a fall in Pag, (90). This may be because
hydrafazine does not reverse hypoxic pul-
monary vasoconstriction, thus preserv-
ing more normal V/Q relationships.

Low-dose dopamine worsens V/Q rela-
tionships and also may decrease Vg
through its depressant effect on the ca-
rotid body (108-112), The hypercapnic
ventilatory response is biunted by 24 to.
74% in subjects receiving 5 pg/kg/min
of dopamine.

To obviate the expected hypoxemia, the
patient’s Fio, can be increased prior to
the above-mentioned interventions,
procedures, and administration of medi-
cations. Additionally, monitoring oxy-
genation with a pulse oximeter should
be considered.

There are miscellaneous conditions
that may be associated with altered oxy-
genation. Unreported or unrecognized
hyperthermia can lead to spurious hyp-
oxemia because the arterial blood gases
are processed at a lower temperature on
the blood gas machine and then not cor-
rected for temperature. The Pag, falls 7%
for every 1° C increase in temperature
above 38° C (113). Elevated white blood
cell (greater than 100,000 cell/mm?) and
platelet counts through continued meta-
bolic activity can lower the Po, in the
blood gas syringe {114). This has been
termed “pseudohypoxemia” and has been
reported secondary to leukemia and
thrombocytosis. The mean fall in Pao,
after storage of arterial blood for 1 h at
room temperature was approximately 16
mm Hg. In contrast, in normal control
subjects, Pag, fell approximately 5 mm
Hg over the same time period. However,
if the patient’s arterial blood samples
were kept in ice at 2° C for | b, there
was only a small fall in Pag,.

A low Pag, has been reported in pa-
tients with delirium tremens and seizures
(115). Extrapolating from this data, it
seems likely that the Pao, will fall in
mechanically ventilated patients with the
onset of delirium tremens.

Intravenous lipid administration may
alter respiratory function particularly in
patients with pre-existing lung disease
({116-121). Patients with acute respirato-
ry failure may experience arterial desat-
uration, a low DLco with an increase in
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TABLE 6
SIGNS AND SYMPTOMS OF HYPOXEMIA AND HYPERCAPNIA

Hypoxemia
Museular incoordination
Canfusion
Loss of judgment

Extreme restlessness, combative bahavior

Tachycardia

Mild hypertension
Peripheral vasoconstriction
Cyanosis

Bradycardia®
Bradyarrhythmias*
Hypotension*

Hyparcapnia

Progressive somnolence
Disorientation

Mucosal, scleral, conjunctival hy

Diaphoresis
Tachycardia
Hypertension

d with severa iy

shunt fraction and A-ao, differences
(121). The Pag, returns to baseline levels
within 45 min after the lipid infusion is
discontinued.

An Approach to the Rapid Detection of

Impaired Oxygenation
Because hypoxemia itself and/or the un-
derlying condition(s) responsible for it
may be life-threatening, early detection
and correction of these disorders is im-
perative. The following is one approach
to this problem.

Impaired oxygenation may be suspect-
ed when the patient manifests symptoms
and signs of hypoxemia and/or hyper-
capnia (table 6). Conversely, the patient
may be asymptomatic, and a “routine”
arterial blood gas reveals impaired oxy-
genation. In the emergent situation, the
clinician must simultaneously search for
the proximate cause leading to life-
threatening hypoxemia and/or respirato-
ry distress and initiate appropriate cor-
rective action.

Airway, respiratory, and circulatory
status is assessed immediately. Ventila-
tor problems are circumvented by discon-
necting the patient from the mechanical
ventilator and initiating hand ventilation
using a self-inflating bag delivering 100%
oxygen through the ET tube, An ade-
quate airway is assured first by address-
ing any ET tube malfunctions present.
ET tube position and patency are rapid-
Iy evaluated by observing normal chest
excursion and by auscultating for bilater-
al breath sounds. Malpositioning, ob-
struction, or cuff leaks are determined
as discussed (see above). In particuiar,

the presence of a tension pneumothorax
must be determined; if present, immedi-
ate decompression is mandatory (see
above).

Concomitant with this evaluation of
the respiratory system is the emergent as-
sessment of circulatory status and cardi-
ac rhythm. Palpation of the carotid
pulses and observation of monitored dis-
plays of systemic arterial pressure and
cardiac rhythm provide immediate infor-
mation. Subsequently, blood pressure
should be measured with a sphygmo-
manometer, and an electrocardiogram
should be obtained. Systemic hypoten-
sion should be corrected as quickly as
possible by placing the patient in the
Trendelenburg position, administering
intravenous fluids and adding vasopres-
sor drugs as necessary. Concurrently,
causes of shock such as myocardial in-
farction, arrhythmias, cardiac tam-
ponade, massive pulmonary embolus,
sepsis, and gastrointestinal hemorrhage
should be evaluated.

Once the patient’s condition is stabi-
lized, a systematic search for the under-
lying cause of the impaired oxygenation
is undertaken. This includes evaluation
of problems such as progression of the
underlying disease process or a superim-
posed disorder, and/or problems related
to interventions or medications as has
been discussed. The initial emphasis is
directed toward disorders that are most
common, most easily corrected, and/or
pose the greatest risk to the patient. In
virtually all circumstances, a chest roent-
genogram should be obtained to assess
ET tube position and to search for evi-
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dence of new or progressive cardiopul-
monary disease(s}).

Summary

Hypoxemia or worsening oxygenation is
a common problem in the ICU. Ven-
tilator-related probiems, patient-related
problems, including progression of the
underlying disease process or superim-
posed disorders, and interventions,
procedures, and medications can all ad-
versely affect the patient’s oxygenation
status. Each of these causes should be

‘sought for in 2 rapid and expeditious

manner and appropriate corrective ac-
tions taken.
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Top Ten List in Mechanical Ventilation*

tively). This study therefore represents clinieal confir-.
mation that a lung protective ventilatory strategy for

i)aﬁents witlhi ARDS is beneficiul.

2. Richard NC, Maggiore SM, Jonson B, et al,

Influence of tidal volume on alveolur recruitiment:
respective role of PEEP and a recruitment maneu-

ver. Am | Respir Crit Care Med 2001; 183:1609—
1613 '

Although the study by the ARDS Network showed

LUNG PROTECTIVE VENTILATION

1. The ARDS Network. Ventilation with lower tidal
volumes as compared with traditional tidal volumes
for acute lung injury and the ARDS. N Engl ] Med
2000; 349:1301-1308 -

Data from animal studies in the 1970s and 1980s
showed that ventilation with high tidal volume (VT)
levels was infurious to the lung. Approximately a de-
cade ago, .the concept of pressure-targeted, low VT
ventilation for patents with ARDS was born. A con-
sensus conference report! on mechanical ventiation
published in 1994 recommended this approach even
though “permissive” hypercapnia often resulted from
it.2 However, it was not until the ARDS Network study
was published that this recommendation was but-
tressed by evidence-based medicine. In this study, 361
patients were randomized to recsive pither a standard
VT (at 12 mI/kg predicted body weight) and a plateau
pressure (measured after a 0.5-s pause at end inspira-
tion) of =50 em HoO or a low VT (at 6 mLig
predicted body weight) with a plateau pressure of
=30 cm H,0. In the lower VT group, the 98-day
mortalitv rate was signiticantly lower than in the stan-
dard VT eroup (31L0% wvs 39.8%, respectively;
p w as was the number of days without the
failure of nonpulmonary organs (p = 0.006) even
though burotrawma was similar (10% vs 11%, respec-
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a significant improvement in maortality when low VT
levels were nsed for ventilating patients with ARDS,
smaller studies had previously failed to show statis-
teal significance. Richard et al hypathesized that this
inconsistency may have been eqﬂy_mwe.
qruitment associated with reducing VT from 10 to
ody weight. In their study of 15 patients
with ARDS, volume differences between a pressure-
volume curve that was recorded from 0 positive
end-expiratory pressure (PEEP) vs a curve recorded
from different PEEP levels were measured. The
study demonstrated that the recruited volume and
oxygenation were significantly lower when smaller
VT levels were used to ventilate these patients.
However, the recruited volume wus reestablished
either after an increase in PEEP (by 4 cm H.;0)
above the lower inflection point of the pressure-
volume curve or by two sustained inflations at 45 cm
of H,O. Their study demonstrated a potential hazard
of the lung-protective ventilatory strategy and cor-
roborated previous observations that either periodi

sighs (with the risk of alveolar overdistention) or high
levels of PEEP may be necessary to optimize the
benefits of the ARDS Network strategy. The ARDS
Network is presently conducting a randomized stucly
to clarify the optimal approuch.

3. Crott 8, Mascheroni D, Caironi P, et al. Recruit-
ment and derecruitment during acute respiratory
failure: a clinical study. Am | Respir Crit Care Med
2001: 164:131-140 T

A basic assumption of lung-protective ventilation
is the concept of upen lung ventilation, wherein the
it s
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puimonary damage induced by recurrent alveolar
collapse and reopening is minimized by adjusting
PEEP, inspiratory time, and VT. Proof of this tenet
has required extrapolation from the physiologic data.
Two pioneers in this field (Drs. Gattinoni and
Mavini) collaborated in this study, and in an accom-
panying study of oleic acid-induced lung injury in
animals,? to demonstrate recruitment utilizing guan-
titative analysis of CT images. Five patients with
ARDS were studied at multiple combinations of
inspiratory plateau pressures (10 to 45 em H,0) and
PEEP levels (5 to 20 em H,0). Lung volume
recruitment occurred over the entire spectrum of
inspiration (independent of lower and upper inflec-
tion paints), and progressively from nondependent
to dependent lung regions. This study has provided
direct evidence that end-expiratory collapse is de-

pendent on the preceding inspiratory pressure and
the “superimposed pressure surrounding_alveolar
units during end-expiration. However, future studies

with analyses of Jung perfusion will be necessary to
fully optimize lung-protective ventilatory techniques.

4. Gattinoni L, Tognoni G, Pesenti A, et al. Effect of
prone positioning on the survival of patients with
acute respiratory failure. N Engl | Med 2001; 345:
568573 §

‘Another lhng-protective strategy that has been
successfully utilized to improve oxygenation in me-
chanically ventilated patients with ARDS is accom-
plished by changing the patient from the supine
* position to the prone position. The mechanism for
this improvement is hypothesized to be the result of
improved and better distributed ventilation to the
previously dependent areas of the lung, The Prone-
Supine Study Group from Europe conducted a
randomized, unblinded, controlled tral with 2
6-month follow-up in 28 ICUs in Italy and 2 ICUs in
Switzerland. One hundred fifty-two patients were
ﬂﬁ%@%ﬁ'ﬂ@@@@m&y for
10 days, while 152 patients were allocated to con-
ventional (supine) positioning throughout their treat-
ment. There was no- difference in the 10-day mor-
tality rate between the prone and the supine groups
(21% vs 25%, respectively), at ICU discharge (31%
vs 48%, respectively), or at the 6-month follow-up
(63% vs 58%, respectively). This lack of significant
improvement occurred despite significant {p = 0.02)
incresses in oxyvgenation in the prone group. This
study Tias Déen ariticized tor using only 6 h of prone
positioning. Therefore, two multi-institutional stud-
ies in Europe are presently underway to determine
whether a more prolonged use of the prone position
may improve mortality rates in ARDS patients, as
hus been suggested in smaller, uncontrolled series.
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NONINVASIVE VENTILATION

5. Vitacea M, Ambrosino N, Clini E, et gl Physio-
logic response to pressure support ventilation deliv-
ered before and after extubation in patients not
capable of totally spontaneous autonomous breath-
ing. Am ] Respir Crit Care Med 2001; 164:638-64]

Over the past 6 years, there has been a plethora of
clinical articles showing the benefits of noninvasive
ventilation (NIV). These results were extensively
reviewed in a recent state-of-the-art article by Mehta
and Hill# NIV has been established as a preferred
mode of ventilation during acute hypercapnic exac-
erbations of COPDS Vitacca et al performed a
physiologic study in 12 patients who were intubated
because of hypercapnic respiratary failure due to
COFD. Measurements included diaphragm energy
expenditure (using esophageal and gastric balloons
to record the pressure time product of the dia-
phragm), lung resistance and elastance, breathing
pattern, dyspnea (as measured by a visual analog
scale), and arterial blood gas measurements. The
study also compared invasive pressure support (PS)
ventilation to noninvasive PS ventilation. None of the

-patients were ready to sustain total spontaneous

breathing. Both invasive and noninvasive PS ventila-
tion resulted in similar reductions in diaphragm
energy expenditure and improvements in arterial
blood gas levels. However, noninvasive PS ventila-
tion was better tolerated by patients, as determined
by their dyspnea analysis. This study showed subjec-
tive advantages of noninvasive PS ventilation in
patients with COPD. In addition, the data docu-
mented improvement in the pressure time product
of the diaphragm compared to ventilation through a
T-piece when PS was delivered noninvasively or via
an endotracheal tube. The physiclogic data in this
article support the clinical recommendation that
NIV be used as a bridge between mechanical venti-
latory support and total spontaneous breathing in
patients with hypercapnic ventilatory failure 3

PHYSIOLOGY aND OVERVIEW

‘v/{i. Tobin M]. Advances in mechanical ventilation.

N Engl | Med 2001; 344:1986-1996

This article is an update of Dr. Tobin's review of
mechanical ventilation that was published in 1994 in
the New England Jornal of Medicine. It succinctly
swmmarizes the significant changes that have oc-
curred in the area of mechanical ventilation, includ-
ing the interaction between the patient and the
ventilator, lung-protective ventilation, and weaning,
The review allows the clinician to appreciate the
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 emengy abe s, LTAL TESEAreh, and
the large, randomized, controlled clinical trials that
have reshaped the intensivist’s approach to diseases
such as ARDS. This manuseript will remain the
standard reference review article on mechanical
ventilation for the next few years.

WEANING

7. Kress JP, Pohlman AS, O'Connor MF, et al. Daily
interruption of sedative infusions in critically ill
patients undergoing mechanical ventilation. N Eng]
] Med 2000; 342:1471-1477 '
|t e natel L L

The transition from mechanical ventilator support
to spontaneous breathing has traditionally been
called weaning. Most efforts to expedite weaning
have focused on manipulating and comparing differ-
ent mechanical ventilatory modes. This sentinel ar-
ticle by Kress et al marks a conceptual change by
linking a non-mechanical ventilation treatment that
clinicians commonly use (sedation) to the weaning
process: The authors conducted 2 randomized, con-
trolled trial ‘involving 128 adult patients who re-
quired infusicns of sedative drugs (midazolam or
propofol) because they were being mechanically
ventilated. In 57 patients, the continuous infusion of
sedative medication was interrupted on 2 daily basis
to determine whether it was still required. 1f the
researchers noted significant agjtation after the with-
drawal of sedation, the continuous IV infusions were
restarted at half the previous dose. In a control
group, the sedative infusions were interrupted at the
discretion ‘of the treating clinician. There was a
significant decrease in the number of days of me-
chanical ventilation in the intervention group (4.9 vs
7.3 days, respectively; p = 0.004) as well as their
length of stay in the ICUs (p = 0.02). There was no
significant difference in complications, such as self-
extubations. This article reminds clinicians that many
“routine” aspects of ‘critical care may affect the
outcome of patients receiving mechanical ventilu-
tion.

8. MacIntyre NR, Cook DJ, Ely EW, et al. Evidence-
based guidelines for weaning and discontinuing ven-
tilatory support: a collective task force fucilitated by
the American College of Chest Physiciuns; the
American Association for Respiratory Care; and the
American College of Critical Care Medicine. Chest
2001, l20(snpp[):3753~-’3955

The “Top 10 List in Mechuanical Ventilution”
wonld be incomplete without inclusion of this article
from u CHEST supplement (December 2001), which
was devoted to evidence-based guidelines lor wean-
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ing and discontinuation of ventilatory support, This
consensus is an exhaustive review of hundreds of
studlies involving weaning and highlights the hetero-
geneity, and often incompleteness, of many of these
studies. The reference quoted is from section 1
(“Guidelines” section) and summarizes the consen-
sus opinions of the task force that was facilitated by
the American College of Chest Physicians, the
American College of Critial Care Medicine, and
the American Association for Respiratory Care. The
article includes 12 recommendations, all of which
are accompanied by the rationale for the recommen-
dation and the scientific evidence supparting the
recommendation. A reference list of 224 articles
accompanies the article so that the reader may refer
to the primary literature. This section is part of an
exhaustive review of the literature that includes 11
other articles.

8. Vitacca M, Vianello A, Colombo D, et al. Com-
parison of two methods for weaning patients with
COPD requiring mechanical ventilation for more
than 15 days. Am ] Respir Crit Care Med 2001;

164:225-230

Until approximately 8 years ago, weaning patients
from mechanical ventilatory support was as much of
an art as a science. Since then, large, randomized,
multi-institutional studies have provided evidence
that weaning time is prolonged when intermittent
mandatory ventilation is used as the weaning mode&”
and that a 30-min trial of spontaneous breathing is as
effective as 2-h trial to determine whether weaning
will be successful 8 However, these studies included
patients with varying diagnoses. The article by Vi-
tacca and coworkers focused on 52 patients who
required mechanical ventilation because of an acute
exacerbation of COPD. Half of these patients were
weaned using continuous positive airway pressure
(CPAP) from an initial PS setting of approximately
19 em H,O in 2-cm increments twice daily until they
tolerated CPAP with a PS of § cm for 8 b, The
remaining 26 patients were weaned by spontaneous
breathing trials via a T-piece performed twice daily.
Both groups uchieved equal rates of weaning success
{T3% vs T7%, respectively), duration of ventilatory
support (181 vs 130 b, respectively), and ICU lengths
of stay. Therefore, in this select group of COPD
patients, neither imethod appeared to be superior or
inferior. The authors also compared the study pa-
tients (combined data) to 55 patients who were being
managed without a formal protocol. In this compar-
ison, the study patients whose conditions had been
managed via a protocol were successfully weaned .
more frequently (37% vs T0%, respectively), and
experienced shorter durations of mechanical ventila-
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respectively) than the group of patients whose con-
ditions had been managed without a protocel. There-
fore, although there was no difference in weaning
patients with COPD using CPAP and PS vs T-pisce
trials, there were significant benefits when a set
protocol was utilized.

10. Scheinhorn DJ, Chao DC, Stearn-Hassenpflug
MS, et al. Outcomes in post-ICU mechanical venti-

lation: a therapist-implemented weaning protocol.
Chest 2001; 119:236-242

Approximately 90% of patients fail to wean from
mechanical ventilation in the ICU and are eventuall
transferred to alternative settings for continued care
(ie, long-term acute care facilities). Strategies for
weaning that are applicable to the acute care setting
are not necessarily designed for long-term facilities.
© Therefore, the article by Scheinhorn and associates
at the Barlow Respiratory Hospital is very pertinent
to this group of patients. The investigators reported
the results of treating 271 consecutive patients who
had been admitted for weaning to their long-term
facility during an 18-month period and compared
them to a group of 238 patients who had been
treated at the same facility by the same physicians for
the previous 2 years. The patients were managed by
a therapist-implemented; patient-specific weaning
protocol that was detailed in the article. Compared
to the control subjects, the protocol patients weaned
significantly faster (17 vs 29 days, respectively;
p < 0.001). There were mo differences in other
outcomes such as weaning success (85% vs 38%,
respectively), mortality rate (27% vs 31%, respective-

V/

ly), or patients who remained ventilator-dependent
(18% vs 11%, respectively). This article is important
because it documented the outconses of patients in
long-term facilities and described a successful vespi-
ratory therapy-driven protocol that resulted in im-
proved outcomes.
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