
Should NPPV Be Used in
Extubation Failure?

A B S T R A C T  &  C O M M E N T A R Y

Synopsis: In this randomized, controlled trial, when patients devel-
oped recurrent respiratory failure following extubation, the use of

noninvasive ventilation delayed but did not prevent reintubation, and
this delay was associated with a higher mortality rate in the ICU.

Source: Esteban A, et al. N Engl J Med. 2004;350:2452-2460.

In this international, randomized, controlled trial,
mechanically ventilated patients in the ICUs in 37 medical centers

in 8 countries were observed for development of post-extubation res-
piratory failure. Adults requiring critical care for a variety of medical
and surgical illnesses, who had been ventilated for at least 48 hours
and who had been successfully extubated after a trial of spontaneous
breathing, were included in the study. After extubation patients were
observed for development of signs of recurrent respiratory failure,
which Esteban and colleagues defined as respiratory acidosis (pH <
7.35 with arterial PCO

2
> 45 mm Hg), sustained tachypnea (respira-

tory rate > 25/min for > 2 hr), worsening oxygenation (arterial PO
2

<
80 mm Hg or saturation < 90% on FIO

2
0.50 or more), or signs of

excessive work of breathing or respiratory muscle fatigue. If 2 or
more of these criteria were met during the 48 hours following extu-
bation, the patients were randomized either to usual care or to a trial
of noninvasive positive-pressure ventilation (NPPV) by full-face
mask. Standardized criteria for the need for reintubation were used.
Mortality was the primary study outcome; secondary outcomes were
the need for reintubation, the time to reintubation, and ICU length of
stay. Esteban et al calculated that 194 patients would be required in
each study group (388 total) to demonstrate a mortality difference
based on expected baseline mortality and severity of illness.

The study was stopped early because of the finding on interim
analysis of a higher mortality rate among the patients assigned to
NPPV: 14% in the usual care group died in the ICU vs 25% in the
NPPV group (relative risk, 1.78; 95% CI, 1.03-3.20; P = 0.048). Of
980 ventilated patients screened, 244 met criteria for respiratory failure
following extubation. Immediate intubation was required in 23
patients, leaving 221 who were randomized to either usual care of
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NPPV. The need for reintubation was not different in the 2
groups: 51/107 (48%) with usual care vs 55/114 (48%)
with NPPV. However, the median time from the onset of
respiratory failure to intubation was longer in the NPPV
group (2.5 hr vs 12 hr, P = 0.02). Length of stay in the
ICU was not different in the 2 groups. Thus, in this study
NPPV delayed but did not reduce the need for reintuba-
tion among patients who developed recurrent respiratory
failure following extubation, and this delay was associated
with an increase in mortality.

■■ COMMENT BY DAVID J. PIERSON, MD
As discussed later in this issue’s Special Feature, NPPV

has become the standard of care for patients hospitalized
for COPD exacerbations, and the available evidence also
supports its use in cardiogenic pulmonary edema and cer-
tain forms of acute respiratory failure among immunocom-
promised patients.1 A well-done randomized controlled
trial has also shown that extubation to NPPV in intubated

patients with COPD complicated by acute respiratory fail-
ure may shorten the duration of mechanical ventilation and
improve other outcomes—in carefully selected patients
who are, among other things, alert and cooperative without
serious complicating illness.2

Publication of the present study sounds a note of cau-
tion, however. Although it is logical to assume that
decreasing the work of breathing with NPPV might
enable patients with post-extubation respiratory failure to
avoid reintubation, Esteban et al have demonstrated that
this is not the case in actual practice. Extubation failure
evidently involves more than just ventilatory muscle
fatigue. Reintubation was delayed by NPPV in this study,
but it was not prevented, and the fact that mortality was
actually increased when NPPV was used suggests that
delaying the resumption of invasive ventilatory support is
a bad thing in this setting.

Only a small proportion of the patients in this study
had COPD or cardiogenic pulmonary edema (12% and
7%, respectively, in the NPPV group), and it is possible
that NPPV could be effective in extubation failure in such
patients, given that they have been shown to benefit from
NPPV at the onset of acute respiratory failure. However,
whether this might be the case cannot be determined
from this study. Based on what we know now, NPPV
should not be used in extubation failure. When patients
who have required intubation and mechanical ventilation
manifest evidence of recurrent respiratory failure during
the first 48 hours after extubation, they should be reintu-
bated and ventilatory support reinstituted while the cause
of the deterioration is investigated.  ■

References
1. Liesching T, et al. Chest. 2003;124:699-713.
2. Nava S, et al. Ann Intern Med. 1998;128:721-728.

Hyperoxia Ineffective in
Preventing Surgical Site
Infections
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Patients who received hyperoxia during gen-
eral surgery had an increase in surgical site infections
compared to those who received a lower oxygen concen-
tration.

Source: Pryor KO, et al. JAMA. 2004;291:79-87.

In 2000, greif and colleagues reported that
delivery of 80% oxygen in the perioperative period

26 July 2004

Statement of Financial Disclosure
In order to reveal any potential bias in this publication, and in accordance with Accreditation
Council for Continuing Medical Education guidelines, we disclose that Ms. Ball serves as a con-
sultant to Steris Corp, IC Medical, and AMT-Coherent (Canada), is a stockholder of Steris and
SLT, and is on the speaker’s bureau of AORN. Dr. Pierson is on the speaker’s bureau of
GlaxoSmithKline, Boehringer-Ingelheim, 3-M, Bayer, and Astra Zeneca. Dr. Rubenfeld is a con-
sultant to Eli Lilly and is involved in research with the National Institutes of Health. Drs. Baigorri,
Durbin, Hess, Hoffman, Johnson, and O’Keefe report no consultant, stockholder, speaker’s
bureau, research, or other financial relationships with companies having ties to this field of study.
Drs. Crawford, Gladwin, Nanavaty, and Takezawa did not return a 2004 financial disclosure form.
Thomson American Health Consultants accepts pharmaceutical sponsorship of some programs
but only in the form of unrestricted educational grants that must meet all ACCME and ANCC
requirements.

Subscriber Information
Customer Service: 1-800-688-2421

Customer Service E-Mail Address: customerservice@ahcpub.com

Editorial E-Mail Address: robert.kimball@thomson.com

World Wide Web: http://www.ahcpub.com

Subscription Prices
United States

1 year with free AMA Category 1 credits: $239
(Student/Resident rate: $120)

Multiple Copies
1-9 additional copies: $215 each; 10 or more copies: $191 each.

Canada
Add GST and $30 shipping.

Elsewhere
Add $30 shipping.

Accreditation
Thomson American Health Consultants (AHC) designates this
educational activity for a maximum of 25 hours in category 1 cred-
it toward the AMA Physician’s Recognition Award. Each physician
should claim only those credits that he/she actually spent in the
activity.
Each physician should claim only those hours of credit that he/she 
actually spent in the educational activity.
This CME activity was planned and produced in accordance with
the ACCME Essentials.
AHC is accredited by the Accreditation Council for Continuing 
Medical Education (ACCME) to provide continuing medical
education for physicians.
AHC is accredited as a provider of continuing education in nursing
by the American Nurses Credentialing Center’s Commission on
Accreditation. Provider approved by the California Board of
Registered Nursing, Provider Number CEP 10864, for approxi-
mately 16 contact hours.
This CME activity is intended for the critical care physician. It is in
effect for 36 months from the date of publication.

Questions & Comments
Please call Robert Kimball, Managing Editor, at (404) 262-5413
or e-mail at robert.kimball@thomson.com between 8:30 a.m. and
4:30 p.m. ET, Monday-Friday.

Critical Care Alert, ISSN 1067-9502, is published monthly by

Thomson American Health Consultants, 3525 Piedmont

Road., NE, Building. 6, Suite 400, Atlanta, GA 30305.

VICE PRESIDENT/GROUP PUBLISHER:

Brenda Mooney.

EDITORIAL GROUP HEAD: Lee Landenberger.

MANAGING EDITOR: Robert Kimball.

ASSOCIATE MANAGING EDITOR: Leslie Hamlin.

MARKETING PRODUCT MANAGER: Schandale Kornegay.

GST Registration Number: R128870672.

Periodicals postage paid at Atlanta, GA.

POSTMASTER: Send address changes to Critical Care

Alert, P.O. Box 740059, Atlanta, GA 30374.

Copyright © 2004 by Thomson American Health Consultants.

All rights reserved. No part of this newsletter may be repro-

duced in any form or incorporated into any information-

retrieval system without the written permission of the copy-

right owner.

Back issues: $40.

Missing issues will be fulfilled by customer service free of

charge when contacted within one month of the missing

issues date.

This is an educational publication designed to present scien-

tific information and opinion to health professionals, to stimu-

late thought, and further investigation. It does not provide

advice regarding medical diagnosis or treatment for any indi-

vidual case. It is not intended for use by the layman.



Critical Care Alert 27

produced a 50% reduction in the incidence of surgical
wound infection in patients undergoing open colorectal
resection, compared with patients who received 30%
oxygen.1,2 Commentary was cautious and most recom-
mended additional clinical trials. The present study was
undertaken to further examine the effects of hyperoxia
in this patient population. 

Subjects were 165 patients scheduled to undergo a
variety of major abdominal surgical procedures, eg,
colectomy, abdominoperineal resection, gastrectomy,
exploratory laparotomy, gynecologic staging/debulking,
in an academic medical center. The study used a dou-
ble-blind design. After consent was obtained, patients
were randomized to receive a fraction of inspired oxy-
gen (FIO

2
) of 0.35 or a FIO

2
of 0.80 during and for 2

hours after surgery, using sequentially numbered
envelopes generated from a random numbers table. The
surgical team was blinded to group assignment, as was
the investigator, who evaluated patients following sur-
gery for evidence of infection. All patients were evaluat-
ed for evidence of infection for 14 days after surgery,
regardless of discharge date. 

A total of 29 patients (18.1%) developed surgical site
infections, 9 (11.3%) in the FIO

2
0.35 group and 20

(25%) in the FIO
2

0.80 group (P = 0.02). Patients who
developed an infection had a longer length of hospital-
ization than those who did not develop infection (mean,
13.3 ± 9.9 days vs 6.0 ± 4.2 days; P < 0.001).
Hospitalization was longer in the FIO

2
0.80 group, but

the difference was not significant (mean, 8.3 ± 7.5 vs
6.4 ± 4.7 days; P = 0.07). Four patients who developed
infection required re-operation; all were in the FIO

2

0.80 group. In multivariate logistic regression analysis,
FIO

2
remained predictive of infection (P = 0.03). Five

patients in the group with FIO
2

0.80 and one in the
group with FIO

2
0.35 remained intubated at the end of

surgery, which was the only other significant predictor
of infection. All other examined variables were not pre-
dictive. 

■■ COMMENT BY LESLIE A. HOFFMAN, RN, PhD
As Pryor and colleagues note, the physiologic

changes and interactions that result from a substantial
increase in arterial oxygen tension are multiple, com-
plex, and difficult to study in vivo. A high oxygen par-
tial pressure will increase the production of reactive
oxygen species and a number of these reactive oxygen
species are components of bactericidal host defenses.
Consequently, there is support for the potential benefit
of hyperoxia as a means to prevent surgical site infec-
tions. However, reactive oxygen species are also
involved in processes that produce tissue injury and

inhibit antibacterial mechanisms. Thus, there is also
support for potential harm from this therapy. 

The protocol in this study was designed to model
routine use of hyperoxia in abdominal surgery associat-
ed with a high risk of infection. A large number of
patients and management characteristics were exam-
ined, eg, type of skin closure (suture, staples), duration
of surgery, temperature at extubation, antibiotic use,
fluid management, type of anesthetic agent, length of
postoperative stay, and few differed between groups at
baseline. There was a slightly higher body mass index
in the group that received a FIO

2
of 0.80 (P = 0.04),

with a corresponding higher incidence of obesity,
defined as a body mass index > 30 (P = 0.04), but these
variables were not significant predictors in the multi-
variate analysis. There was also a higher estimated
blood loss (P = 0.03) and higher crystalloid administra-
tion (P = 0.02). However, the absolute difference was
not in the clinically relevant range and neither were sig-
nificant predictors. 

The possibility exists that an unexamined practice
element led to the divergent findings reported from this
study and the prior study that found benefits from
hyperoxia, but this was not evident from study findings.
Results of this study suggest no benefit, and the poten-
tial of harm, from using a high FIO

2
during major

abdominal surgery as a means to reduce the incidence
of surgical site infections. ■

References
1. Greif R, et al. N Engl J Med. 2000;342(3):161-167.
2. Pierson D. Critical Care Alert. 2002(Feb);11(9):121-123.

Urokinase, Alteplase, or
Reteplase for DVT
Thrombolysis?
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: This retrospective study determined that
catheter-directed thrombolysis was equally effective and
safe whether urokinase, alteplase, or reteplase was used,
but that costs were substantially less with the newer
recombinant drugs.

Source: Grunwald MR, et al. J Vasc Interv Radiol.
2004;15:347-352.

Grunwald and colleagues at johns hopkins
Hospital reviewed the experience of their institu-



tion with catheter-directed thrombolytic therapy for
deep-venous thrombosis (DVT) between 1997 and
2003. During this time, because of changes in their
availability, urokinase (UK) was the exclusive agent
used for the first 2 years, recombinant tissue plasmino-
gen activator (TPA) was the only agent used for the next
20 months, and either TPA or recombinant plasminogen
activator (reteplase, RPA) was used at the discretion of
the attending vascular interventional radiologist for the
remaining 25 months of the study, except for 3 patients
who received UK in 2003. 

During the 6 years examined in this study, 74
patients received catheter-directed thrombolytic therapy
for DVT in a total of 82 limbs. Age, gender, thrombus
location, duration of symptoms, and the use of addition-
al interventional therapies did not differ statistically
among the patients who received UK, TPA, or RPA.
Success rates per limb (complete or partial thromboly-
sis) were 97% for UK, 97% for TPA, and 100% for
RPA. Major/overall complication rates were
5.3%/10.5%, 3.1%/12.5%, and 8.3%/16.7%, respective-
ly for the 3 thrombolytic agents. None of these findings
differed statistically between agents. However, drug
costs [median, (25th-75th percentiles)] were $6,577
($3,144 - $14,212) for UK as compared to $488 ($255-
$666) and $1,787 ($1,296-$2,006) for TPA and RPA,
respectively. These differences in drug costs were statis-
tically significant, both UK vs TPA (P < 0.001) and UK
vs RPA (P < 0.01).

■■ COMMENT BY DAVID J. PIERSON, MD
Systemic anticoagulation with unfractionated or low-

molecular-weight heparin, followed by coumadin, is the
traditional management for DVT. Although this
approach prevents propagation of existing thrombus, it
relies on endogenous mechanisms for clot lysis, which
may take long enough for damage to venous valves to
occur and predispose the patient to development of
post-phlebitic syndrome.1 Whether routine catheter-
directed thrombolysis would result in a clinically
important reduction in the incidence and severity of
post-phlebitic syndrome is still unsettled, although this
more aggressive approach is widely used, particularly
when thrombosis is extensive or causes severe symp-
toms.

Within the constraints of its retrospective nature, the
sequential use of therapies, and its single-institution
data source, this study shows that UK, TPA, and RPA
have similar efficacy and safety when used for catheter-
directed DVT thrombolysis. Despite this equivalence,
however, Grunwald et al pharmacoeconomic analysis
revealed that TPA was more than 13 times less expen-

sive than UK, and almost 4 times less expensive than
RPA. The use of TPA or RPA in lieu of UK would have
resulted in a cost savings of $6,000 or $4,800 per limb,
respectively, and the use of TPA in place of RPA would
have produced an additional savings of approximately
$1,300 per limb. Because only 12 patients received RPA
during the period reviewed by Grunwald et al, this last
distinction should be viewed as speculative.   ■

Reference
1. Prandoni P, et al. Ann Intern Med. 1996;125:1-7.

Special Feature
What is the Standard of
Care for Mechanical
Ventilation?
By David J. Pierson MD

A72-year-old woman with severe copd and 3
previous hospitalizations for exacerbations in the

last year presents with a 2-day history of increasing
dyspnea and sputum production. She is alert but in
respiratory distress, with a respiratory rate of 36/min
and an oxyhemoglobin saturation of 76% by pulse
oximetry while breathing nasal oxygen at 2 L/min.
Arterial blood studies show pH 7.22, PCO

2
76 mm

Hg, and PO
2

48 mm Hg. A chest X-ray shows only
severe hyperinflation. She is admitted to the ICU,
where she is sedated, intubated, and placed on vol-
ume assist-control ventilation. Five days later the
patient’s gas exchange and pulmonary mechanics
have improved, but she develops fever and leukocy-
tosis and is noted to have a new left lower lobe infil-
trate. Methacillin-resistant Staphylococcus aureus is
recovered on bronchoalveolar lavage. 

• An obese 30-year-old man (BMI 30) develops hypox-
emia and diffuse pulmonary infiltrates 36 hours fol-
lowing a motorcycle accident in which he sustained
pelvic and femur fractures and a ruptured spleen.
There no clinical evidence of fluid overload, and his
PaO

2
/FIO

2
ratio is 176 mm Hg. He is switched from

volume-control to pressure-regulated volume control
ventilation, with target tidal volume 950 mL (9
mL/kg), FIO

2
0.6, and PEEP 12 cm H

2
O. End-inspi-

ratory pressure (pressure control plus PEEP) to main-
tain this tidal volume averages 36 cm H

2
O. The

patient remains on the ventilator and heavily sedated
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2 weeks later, with PaO
2
/FIO

2
ratio 250 mm Hg and

requirement for 45% to 55% oxygen. He does not
move spontaneously in response to painful stimuli,
his serum transaminases are rising, and his serum cre-
atinine, initially normal, is now 2.4 mEq/L.

• A 66 year-old man has been intubated and ventilat-
ed since undergoing mitral valve replacement and
triple coronary artery bypass grafting 5 days ago.
He is responsive to verbal stimuli, is hemodynami-
cally stable, has no evidence of complicating infec-
tion or fluid overload, and has acceptable oxygena-
tion and ventilation on 40% oxygen with a minute
ventilation of 10 L/min. However, for the last 3
mornings, when assessed for possible ventilator
weaning, his rapid shallow breathing index (f/VT)
during momentary discontinuation of ventilatory
support has been 120-130 and his maximal inspira-
tory pressure has been 18-22 cm H

2
O. A chest X-

ray reveals a moderate right pleural effusion and a
raised left hemidiaphragm.
Are these hypothetical patients being managed

according to current standards of care with respect to
mechanical ventilation? My answer is no, and in this
short essay I will explain why.

What Are Standards of Care?

A standard is defined by the Merriam Webster On-
Line Dictionary as “something established by authority,
custom, or general consent as a model or example;
something set up and established by authority as a rule
for the measure of quantity, weight, extent, value, or
quality.” In clinical medicine in 2004, standards are
defined by the precepts of evidence-based medicine
(EBM), which refers to the conscientious, explicit, and
judicious use of current best evidence.1

The gold standard in the era of EBM is the random-
ized controlled trial (RCT). A properly designed and
carried out RCT, in patients similar to those the practi-
tioner manages and using end points relevant to both
practitioner and patient, is more likely to be free from
bias and to produce results that will stand up over time
than other types of investigation such as retrospective
analyses, case-control studies, and unsystematic clinical
observations. Meta-analysis, which combines the results
of several clinical trials according to rigidly defined cri-
teria, when properly and rigorously carried out and con-
servatively interpreted, can further increase the clini-
cian’s confidence in the reported results. 

Numerous schemes and rating scales have been pro-
pounded to assess the level of evidence presented by a
particular study or available in managing a particular

disorder. One that is broadly consistent with most of
those published by EBM’s leaders places results from
multiple RCTs (with consistent results, in relevant
patient populations and in settings similar to those of
the clinician) at the top, followed by single RCTs. After
this in the hierarchy of evidence come uncontrolled
prospective studies, case-control studies and other retro-
spective analyses, and unsystematic clinical observa-
tions. Although they may have prestigious origins and
carry great weight politically, expert panel recommen-
dations and clinical practice guidelines fall at the bot-
tom of the evidence ladder if they are not rigorously
evidence-based according to the criteria described.
Clearly, practice according to one’s own preference and
experience without reference to outside input of any
kind would fall at the very bottom in this scheme.

For more than 3 decades, the evidence mustered to
support new ventilator modes and approaches had often
consisted of physiological or surrogate end points, such
as effects of the new intervention on peak airway pres-
sure or venous admixture. While logic says that
improved function should translate to better outcomes,
the fact is that most studies of mechanical ventilation
since the 1970s have failed to produce data substantiat-
ing this assumption. Improved oxygenation as a result
of some ventilator manipulation or other short-term
intervention ought to improve the overall outlook for
the patient, but in most cases outcomes such as compli-
cations, length of stay, survival, and other patient-cen-
tered results have either not been included in the stud-
ies or not been found. In fact, numerous interventions
subjected to RCTs, that have been documented to
improve short-term physiologic variables such as oxy-
genation, have failed to demonstrate differences from
standard therapy with respect to such patient-centered
outcomes.

Are There Standards of Care for Mechanical Ventilation?

Restating the question, are there aspects of ventilator
management for which there is compelling evidence
supporting the use of one approach over others? I think
there definitely are, in the following areas:
• Noninvasive ventilation in exacerbations of severe

chronic obstructive pulmonary disease (COPD);
• Lung-protective ventilation in acute lung injury

(ALI) and acute respiratory distress syndrome
(ARDS);

• Weaning from ventilatory support;
• Managing and monitoring the patient-ventilator 

system;
• General ICU care of the ventilated patient.



Noninvasive Ventilation in COPD 
Numerous RCTs have clearly and consistently

demonstrated the clinical benefits of noninvasive venti-
lation in acute respiratory failure due to exacerbations
of severe COPD.2 In such patients, noninvasive ventila-
tion improves gas exchange, decreases tachypnea and
respiratory distress, reduces the need for endotracheal
intubation (by about 80%), and decreases both ICU
length-of-stay and overall mortality. Because ventilator-
associated pneumonia and several other complications
are really endotracheal tube-associated complications,
noninvasive ventilation also decreases the incidence of
these things.

It is less clear whether noninvasive ventilation should
be used in acute respiratory failure in circumstances
other than COPD exacerbation. The number of RCTs in
acute hypoxemic respiratory failure and cardiogenic
pulmonary edema is increasing, but at the time of this
writing the data supporting the routine use of this
modality in these settings are unconvincing. Patients
with COPD exacerbations are a relatively homogeneous
group, whereas acute hypoxemic respiratory failure
occurs in many clinical circumstances (such as severe
bacterial pneumonia and trauma) in which noninvasive
ventilation may be less appropriate for non-respiratory
reasons. However, studies have shown that patients with
acute respiratory failure complicating severe immuno-
suppression or solid organ transplants may be able to
avoid intubation and have at least equivalent outcomes
with the use of noninvasive ventilation.

Lung-Protective Ventilation in 
Acute Lung Injury and ARDS 

Although there has been considerable controversy
about the specifics of the management, it seems clear
that a lung-protective strategy that includes lower
tidal volumes and trans-alveolar distending pressures
than have been employed in the past improves sur-
vival in ALI/ARDS.3 Lung-protective ventilation
(LPV) has thus become a standard for mechanical
ventilation in these conditions. The most widely used
approach to LPV is that used by the ARDS Network
in its study reported in 2000,4 which includes tidal
volumes of 6 mL per kg of predicted (ideal) body
weight and seeks to maintain end-inspiratory static
pressure (Pplat) below 30 cm H

2
O.5 Whether volume-

or pressure-targeted ventilation should be used has
not been settled, so that at present ventilator mode is a
matter of clinician preference. However, subsequent
analysis of the ARDSNet data has shown that Pplat is
a continuous variable with respect to outcome: the
lower the Pplat (-22 vs 26 vs 30 cm H

2
O, for exam-

ple) the lower the mortality. Thus, from available evi-
dence, there appears to be no threshold Pplat that is
“OK,” and that would justify using tidal volumes
greater than 6 mL/kg in patients with ALI/ARDS.  

Weaning from Ventilatory Support 
An exhaustive review of all published studies on

weaning6 showed that no “weaning parameter” or other
physiologic measurement could predict readiness for
liberation from ventilatory support with acceptable
accuracy. That is, if weaning attempts are delayed until
some predetermined physiologic criteria are met, many
patients will remain on ventilatory support who no
longer need it. Further, well-designed RCTs have failed
to demonstrate that any particular weaning strategy is
best in terms of duration of mechanical ventilation or
the need for reintubation. However, although pressure
support and daily trials of spontaneous breathing appear
to be equivalent, gradually reducing mechanical support
using synchronized intermittent mandatory ventilation
actually delays weaning, according to the best available
evidence.6

In light of these findings, the evidence-based wean-
ing recommendations of the American College of Chest
Physicians, the American Association for Respiratory
Care, and the Society of Critical Care Medicine7 are
that all ventilated patients who meet minimal criteria be
given a daily spontaneous breathing trial. Patients who
look good clinically and have acceptable arterial blood
gases after a spontaneous breathing trial of 30-120 min-
utes should be considered for prompt extubation,
assuming that no additional reason for an endotracheal
tube exists.

Respiratory therapist- or nurse-driven protocols for
ventilator weaning have been shown to be safe, and in
all studies published to date have been associated with
equivalent or shorter weaning times, as compared with
physician-directed, “usual care” weaning.8 All hospitals
should thus develop and implement such protocols,
which reduce practice variability and put moment-to-
moment assessment and management in the hands of
those who spend the most time at the bedside.

Managing and Monitoring the 
Patient-Ventilator System

The hour-to-hour management of intubated, ventilat-
ed patients has standards, a number of them evidence-
based.9 It is clear that the likelihood of a patient devel-
oping ventilator-associated pneumonia is related to the
number of times the ventilator circuit is broken, for suc-
tioning, measurements, or routine circuit changes.
Several large observational studies, and 4 RCTs, have
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examined the effect of the frequency of ventilator cir-
cuit changes on the incidence of ventilator-associated
pneumonia. No study has shown that more frequent cir-
cuit changes are better, and a recent meta-analysis of the
RCTs statistically favored less frequent changes. This
practice is both cheaper and safer for the patient. 

Adequate warming and humidification of inspired
gas is important to prevent inspissation of secretions,
bleeding, and other airway complications. Six RCTs
have compared heated humidifiers to heat-and-moisture
exchangers with respect to the incidence of ventilator-
associated pneumonia. Only one of these studies has
been individually unequivocally positive, but meta-
analysis of all 6 shows that passive humidification with
a heat-and-moisture exchanger is clearly superior.9

General ICU Care of the Ventilated Patient 
The mortality of ARDS had already decreased sub-

stantially, at least in some centers, before the introduc-
tion of LPV. Most likely, this improved survival was
due to improvements in the general care of critically ill
patients. Prompt initiation of antimicrobial therapy for
ICU-acquired infections and better nutritional support
were likely factors. Other advances in management,
buttressed with data from RCTs, include routine pro-
phylaxis against deep venous thrombosis, prophylaxis
against upper gastrointestinal bleeding and other enteric
complications, avoidance of hyperglycemia through
judicious insulin administration, and constant elevation
of the head of the bed to prevent reflux and aspiration
and thus prevent ventilator-associated pneumonia. Two
interventions that have been shown to reduce ventilator
days and overall ICU time are daily interruption of
sedation (“sedation vacations”) and daily spontaneous
breathing trials, as mentioned previously.

Several ventilator-related interventions remain “on the
bubble” with respect to evidence-supported outcome ben-
efits, and thus have not yet become standards. These
include several measures with undoubted physiologic
rationales that improve oxygenation in many patients
with ALI/ARDS, but have not been shown to have a
measurable effect on survival. In this category are recruit-
ment maneuvers to “open the lung,” prone positioning,
high-frequency oscillatory ventilation, and inhaled nitric
oxide. Noninvasive ventilation as a bridge to weaning is
also currently on this list. As with several of the other
interventions, refinements in patient selection criteria
may some day move it into the “standard” category.
Finally, bedside percutaneous tracheotomy using progres-
sive dilation and bronchoscopic guidance may prove to
have patient-relevant advantages over its surgical coun-
terpart, but this remains to be demonstrated. 

If There Are Practice Standards for Mechanical 
Ventilation, Are We Using Them?

Not much information is available about how clini-
cians across the country and around the world actually
manage patients on ventilators. What evidence is at
hand suggests that many if not most patients are not
receiving the potential benefits of management accord-
ing to the current standards of care. At Harborview
Medical Center in Seattle, one of the ARDS Network
study sites, very few patients were actually receiving
LPV according to the Network protocol either 4 months
before or 4 months after publication of the study in the
New England Journal of Medicine.10 In terms of tidal
volume, it used to be that all patients (including those
with ALI/ARDS) were ventilated with supranormal vol-
umes (eg, 10-12 mL/kg), because of studies 40 years
ago on the prevention of atelectasis in otherwise healthy
people undergoing general anesthesia; now, it seems
that most patients (including those with normal lungs)
are being ventilated with tidal volumes in the 8 mL/kg
range, which may be neither large enough to prevent
atelectasis nor small enough to prevent ventilator-
induced lung injury.

In a study of respiratory therapy documentation prac-
tice in managing patients on ventilators, a recent study by
Akhtar et al11 found that 17 adult hospitals in one county
had widely divergent practices. Using the American
Association for Respiratory Care’s Clinical Practice
Guideline for patient-ventilator system checks as a stan-
dard, the investigators found that only 15 of the 52 items
in the guideline appeared on every hospital’s blank chart-
ing sheets, and that important measures such as Pplat and
total minute ventilation did not appear anywhere in
ALI/ARDS patients’ charts in 7 of the 17 hospitals. Even
when respiratory therapy department managers stated
that specific items were routinely measured in their facili-
ties, review of actual patient charts showed this not to be
the case in an alarming number of instances.

Conclusions

In mid-2004, there definitely are standards for
mechanical ventilation. Those with the strongest evi-
dence base include noninvasive ventilation for COPD,
LPV for ALI/ARDS, daily spontaneous breathing trials
for weaning, less frequent ventilator circuit changes, the
use of heat-and-moisture exchangers rather than heated
humidifiers, and several aspects of general ICU care for
patients on ventilators. Thus, although there is room for
discussion on some of the details (such as what kind of
noninvasive ventilator interface to use, or which ventila-



tor mode is best for ARDS), the onus today is on any
clinician who elects not to manage patients in accor-
dance with these standards to justify this practice. 

In the hypothetical patient examples with which I
began this essay, the standards I have discussed are clearly
not being followed. The elderly woman with a COPD
exacerbation, although presenting no contraindications to
noninvasive ventilation, was intubated without giving the
latter a try, and now 5 days later she has developed venti-
lator-associated pneumonia. The young man with ARDS
is not receiving lung-protective ventilation, which could
perhaps have increased his likelihood of survival by at
least 20%. He has been ventilated from the beginning
with tidal volumes substantially larger than those in the
ARDSNet low-VT group—9 mL/kg actual body weight
in a patient with a BMI of 30 is in excess of 12 mL/kg
predicted body weight as used in that trial—and as a result
his alveolar distending pressures have been excessive. He
is now developing signs of multiple organ failure, which
along with sepsis accounts for most deaths in patients
with ARDS. And the patient who remains on the ventila-
tor nearly a week following cardiac surgery may well no
longer need it; he should have had daily spontaneous
breathing trials from the beginning, in order to liberate
him from the ventilator at the earliest possible moment
and avoid the complications associated with intubation
and prolonged ventilatory support. 

Ventilating patients according to current standards is
not just a matter of preference: it can save lives, reduce
complications, shorten ICU stays, and save health care
costs. For the clinical settings of the 3 patient examples
I have used, the situation is pretty clear. The evidence is
not yet convincing that lung recruitment maneuvers,
prone positioning, high-frequency oscillation, and other
innovations in ventilator management offer true
advances in terms of patient-relevant outcomes.
However, for some or all of these, or others, sufficient
evidence may be brought to bear for them to become
standards of practice in the future.   ■
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In Future Issues: Just Say No to NO

CME/CE Objectives
After reading each issue of Critical Care Alert,

readers will be able to do the following:
• Identify the particular clinical, legal, or scientific

issues related to critical care.
• Describe how those issues affect nurses, health 

care workers, hospitals, or the health care industry
in general.

• Cite solutions to the problems associated with those
issues.

CME/CE Questions
15. Which of the following is true about the use of noninvasive

ventilation in patients who have failed extubation?
a. It prevents the need for reintubation but does not affect mortal-

ity or ICU stay.
b. It delays but does not prevent the need for reintubation, and

has no effect on mortality or ICU stay.
c. It delays but does not prevent the need for reintubation,

increases mortality, and does not affect ICU stay.
d. It prevents the need for reintubation, decreases mortality, and

shortens ICU stay. 
e. None of the above.

16. Which of the following orders is correct with respect to the
relative costs of urokinase (UK), tissue plasminogen activator
(TPA, and recombination plasminogen activator (RPA) when
used for catheter-directed DVT thrombolysis?
a. UK > TPA > RPA
b. UK > RPA > TPA
c. RPA > UK > TPA
d. TPA > UK > RPA
e. TPA > RPA > UK

Answers:15 (c); 16 (b)


