machines be excluded from surge-capacity
stockpiles, and that BiPAP machines already
on hand should be re-purposed for invasive
ventilation in the event of a large-scale ep-
idemic. I would like to challenge that posi-
tion and instead argue that we should plan
to use NIV as much as possible during an
epidemic.

Branson et al' acknowledge that under
normal circumstances NIV is the standard
of care for patients with chronic obstructive
pulmonary disease in respiratory failure.
Then they tell us that, “The literature that
details the success of NIV in chronic ob-
structive pulmonary disease clearly demon-
strates a substantial time commitment (1—
2 h) spent by the RT at the bedside at
initiation, which is an impracticality in mass-
casualty respiratory failure.” The evidence
they cite to justify that statement is in an
article from 1995.

With so many dedicated BiPAP machines
in use,! haven’t we come a long way with
NIV since 19957 In my experience, patients
who are dyspneic often express relief within
a minute of having the mask applied, and if
BiPAP is not working for the patient, then it
becomes apparent in much less time than an
hour. If we take the suggestion of Branson
et al and abandon NIV during an epidemic,
and intubate these patients instead, then why
would we expect that this practice would
reduce our time commitment to them?

The next pandemic could be much worse
than the Spanish flu of 1918, which killed
50 million mostly young, healthy people.?
Or it may be a disease like severe acute
respiratory syndrome (SARS), that puts
older adults with pre-existing illnesses at
most risk of dying.> We don’t know the
nature of the next epidemic, but if it is on a
scale for which our best-laid plans could
remain feasible, then most of its victims
would not develop full-blown acute respi-
ratory distress syndrome (ARDS). There
would be a spectrum of severity and a mix
of complaints. While Branson et al are cor-
rect in saying that NIV would not help pa-
tients with severe ARDS, we are now see-
ing evidence that the early application of
NIV can be used to support patients with
less severe hypoxic illness,*> so some of
those who are infected could probably get
by with BiPAP.

Branson et al suggest that BiPAP ma-
chines be re-purposed for invasive ventila-
tion, to address a concern that NIV is a
high-risk “aerosol producing procedure.” It
is surprising that they even raise this as an
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issue, since they concede that evidence for
the “high-risk” theory is weak and unsup-
ported by the Asian experience. They even
cite articles that describe how NIV was used
safely and effectively with SARS patients
in China. Why then would a concern about
occupational risk, which is overblown ac-
cording to empirical evidence, justify intu-
bating a patient when that is not in the pa-
tient’s best interest?

There is a great deal of evidence that
hospitalization time and mortality are re-
duced whenever patients can be ventilated
noninvasively rather than intubated.® Dur-
ing a mass-casualty event we would still
aim to give each patient his best chance of
recovery, so how could we subject anyone
to the risks associated with being intubated
in a case where intubation could be avoided?

John McCracken RRT
Peterborough Regional Health Centre
Peterborough, Ontario, Canada
john.mccracken @sympatico.ca

The author reports no conflict of interest in the
content of this letter.
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The authors respond.:

We appreciate John McCracken’s assess-
ment of our paper.! First, we want to clarify
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that we never intended to promulgate our
recommendations as gospel. Currently, there
is insufficient direct evidence to conclu-
sively determine optimal strategies for ox-
ygenation and ventilation during a mass-
respiratory-failure surge event. We believe,
though, that the various available positive-
pressure ventilation (PPV) strategies will not
all be equally effective for such events, and
strong indirect evidence even suggests that
some PPV strategies may be nearly useless
(eg, automatic resuscitator to ventilate a pa-
tient with severe respiratory failure over nu-
merous days). McCracken argues that “we
should plan to use noninvasive ventilation
(NIV) as much as possible during an epi-
demic.” We respectfully disagree. For an
event when the number of patients with se-
vere respiratory failure will far exceed the
usual capability of appropriate staff and PPV
equipment, we strongly recommend against
planning for widespread use of NIV when
considering (1) optimal use of existing PPV
devices, and (2) stockpiling additional PPV
equipment.

The United States Department of Home-
land Security National Planning Guidelines
are intended to coordinate and prioritize
emergency preparedness efforts at all re-
sponse levels. Those guidelines contain 15
National Planning Scenarios, and at least
two thirds of those may include catastrophic
numbers of patients in acute respiratory fail-
ure.> A successful PPV strategy for such a
catastrophe must be grounded in accurate
predictions of patients’ needs and health-
care systems’ and communities’ capabili-
ties for these events. There is wide variabil-
ity in the predicted distribution of types and
severity of respiratory failure and the char-
acteristics of the affected populations (eg
underlying chronic obstructive pulmonary
disease [COPD] or previously healthy). This
is where the direct evidence base is thin-
nest.

When an event occurs, the newly avail-
able data may suggest a better PPV strategy
than ours for that event. Unfortunately, wait-
ing for the disaster to occur to develop the
evidence-based strategy “just-in-time” will
probably prove to be “just too late,” and
many patients may not have access to a life-
sustaining intervention. Our surge-event
PPV recommendations were developed to
apply across the broad range of mass-respi-
ratory-failure scenarios. The extensive in-
vestment for equipment procurement and
maintenance, logistics planning, and end-
user training requires surge PPV concepts
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to be sufficient across the range of plausible
scenarios, rather than having different solu-
tions for different hazards. Surge PPV equip-
ment must therefore be sufficient for “air-
way protection”/neuromuscular ventilatory
failure (botulism and trauma), air-flow ob-
struction (inhalation exposure in patients
with underlying airways disease or nerve-
agent exposure), and, most importantly, hy-
poxemic respiratory failure due to pneumo-
nia, large hemorrhagic effusions (eg,
anthrax), or acute lung injury (ALI) and
acute respiratory distress syndrome (ARDS)
(eg, plague, influenza, non-water-soluble
chemical inhalation, trauma, neutropenic
sepsis during acute radiation syndrome, and
possibly anthrax).

In the setting of insufficient direct evi-
dence, optimal surge PPV planning has been
compiled from numerous related fields and
extrapolated to disaster scenarios to develop
defensible strategies. Because data must be
assembled from divergent fields (eg, critical
care, disaster medicine, virology, public
health), national and international panels
with broad ranges of expertise have been
convened to develop PPV surge guidance.
Their recommendations have been derived
from published literature (when available),
opinions of experts in disaster management,
and experience of caregivers who have par-
ticipated in care of patients with severe fe-
brile respiratory illness. The groups consis-
tently caution against deliberate liberal use
or stockpiling of NIV PPV equipment. These
recommendations have been vetted through
medical societies®>* and published in peer-
reviewed journals.>”7 The recommendations
in our paper were crafted from the iterative
efforts of those groups.

The most recent reviews of NIV support
its everyday use for acute respiratory failure
in hemodynamically stable patients without
ongoing cardiac ischemia due to COPD ex-
acerbation, cardiogenic pulmonary edema,
or ALI/ARDS in immunocompromised pa-
tients.3-10 NIV probably also has a role in
postoperative respiratory failure and delib-
erately bridging selected patients after ex-
tubation.!! However, most mass-respirato-
ry-failure events will have predominantly
hypoxemic respiratory failure, and data that
conclusively support use of NIV for that
indication remain elusive.

McCracken suggests that, “most. . . vic-
tims would not develop full-blown ARDS.
There would be a spectrum of severity and
a mix of complaints.” We agree there may
be a spectrum of disease severity and pa-
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tient outcome. Many patients will have per-
sistent P, /Fio, (ratio of P, to fraction of
inspired oxygen) > 300 mm Hg, and, with-
out other indications for intubation or me-
chanical ventilation, will not require PPV.
They were not intended to be considered for
surge PPV. For those who require PPV due
to hypoxemia, the spectrum of disease is
unlikely to be well-defined by the level of
respiratory failure (eg, presence or absence
of ARDS). Discriminating between patients
with and without ALI/ARDS is not very
reliable,'? and the mortality is similar.!>13
This is not surprising, because the majority
of patients with ALI also meet ARDS cri-
teria. Most of these patients meet both cri-
teria the same day that ALI criteria are first
met.'3

Even in a group of patients with ARDS
(mean P, /Fio, 128.6 = 33.3 mm Hg at
day 0), outcomes are highly variable.'* In
that study, the temporal changes in P,/
Fio, suggested that initially patients are quite
ill and then some start to resolve their lung
injury. This disease course suggests that an
up-front strategy of a less-supportive PPV
device may be imprudent. Most patients with
ARDS die of multi-organ dysfunction, not
refractory hypoxemia.'> Hence, the spec-
trum of disease severity in mass-respirato-
ry-failure events will probably vary by num-
ber of non-pulmonary-organ dysfunction
and presence of hemodynamic instability.
ARDS alone is not the worst-case scenario
and does not describe a futile response sit-
uation. We therefore believe that surge PPV
equipment must be able to successfully man-
age patients with ARDS.

In 1999 Confalonieri et al found a lower
intubation rate (21% vs 50%, n = 56,
p = 0.03) in patients with acute respiratory
failure due to community-acquired pneumo-
nia during a randomized controlled trial of
NIV versus standard treatment.'¢ More than
40% of the patients had COPD, and those
patients had a lower intubation rate, shorter
intensive-care-unit (ICU) and hospital stay,
and lower 2-month mortality. Among the
patients without COPD there was no statis-
tical difference in intubation rate, and a non-
statistically-significant point estimate in-
crease in hospital mortality and 2-month
mortality. Ferrer et al studied NIV in pa-
tients with acute hypoxemic respiratory fail-
ure without both underlying severe chronic
respiratory comorbidities and hypercap-
nia.!” Intubation rate, incidence of septic
shock, and ICU mortality were all lower in
the group that received NIV. These results

are compelling, but they may not be gener-
alizable to all patients with respiratory fail-
ure, since 64 of 172 eligible patients (hy-
poxemia on 50% oxygen via air-entrainment
facemask) were excluded. Some were un-
able to cooperate with NIV due to agitation
(n = 45), had severely depressed conscious-
ness (n = 5), hemodynamic instability
(n = 4), or required immediate intubation
(n = 10). Also, the intubation and mortality
rates were not better with NIV than with the
standard treatment in the approximately 15%
of patients with ARDS. In contrast to the
Ferrer et al study, which found benefit from
NIV in selected patients with pneumonia,
Honrubia et al found no apparent benefit
from NIV in patients with pneumonia.'® As
in the other studies, a substantial proportion
of patients with respiratory failure were un-
able to be randomized.

The above-described studies may be op-
timistically interpreted as indicating that
NIV has a role in selected patients with hy-
poxemic respiratory failure, but NIV’s util-
ity in all patients with respiratory failure
due to pneumonia and ARDS remains sus-
pect. Of course, the use of NIV in hemo-
dynamically unstable patients is even more
uncertain. For a 20-day period in 2002, in
70 ICUs in France, 1,076 of 1,943 (55%)
patients required PPV. 74.9% were intubated
prior to or at ICU admission. 55.8% of those
who received NIV (12.9% of all who re-
quired PPV) were able to forestall intuba-
tion. Patients with de novo respiratory fail-
ure who had a respiratory rate > 35 breaths/
min and P, /F;5, < 200 mm Hg were more
likely to fail NIV.!"® Again, NIV may have
benefited a small subset of patients in this
study of everyday practice, but, overall, NIV
was not an appropriate option for the over-
whelming majority of patients. This is prob-
ably in part because patients with condi-
tions less likely to respond to NIV (eg,
de novo respiratory failure [42%]) were
more common than patients with acute-on-
chronic respiratory failure (16%).

Another explanation could be that the lim-
ited overall benefit of NIV was due to missed
opportunities caused by underutilization of
NIV in France. But that explanation is not
supported by recent reports from ICUs that
have extensive experience with NIV. In
those ICUs the overall percentage of pa-
tients with ARDS and acute hypoxemic re-
spiratory failure who can remain unintubated
is relatively small. Antonelli et al had a 50%
success rate with NIV, after excluding pa-
tients with hypotension, excess secretions,
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more than one organ failure, bleeding, and
neurologic disturbances.?® Close inspection
of the data reveals that, of the 479 patients
who met the ARDS criteria, 322 (69%) were
already intubated, due to altered mental sta-
tus, inability to manage secretions, hemo-
dynamic or electrocardiographic instability,
severe trauma, and/or more than 2 organ
failures. The remaining 147 patients (30.6%)
were then studied, and in fact only half of
those selected patients with ARDS (15%)
were successfully ventilated with NIV.
The experience that a high proportion of
patients with hypoxemic respiratory failure
cannot be successfully managed with NIV
was also reported from a large academic
center in the United States.?! Those authors
and other recognized ventilator experts have
therefore cautioned against liberal applica-
tion of NIV to patients with ALI and ARDS.
Since we anticipate that most victims will
have pneumonia, ALI, or ARDS during most
mass-respiratory-failure events, we caution
against stockpiling PPV equipment specif-
ically designed for NIV and not intended
for invasive ventilation. In addition, the ma-
jority of devices designed for NIV are not
capable of volume ventilation. Volume ven-
tilation is the only breath type that has been
demonstrated to have a mortality benefit in
ARDS.?? Caution must even be applied
when considering NIV devices that have a
volume-control ventilation mode, because
these devices are likely to perform less well
than devices designed for invasive mechan-
ical ventilation, when used for invasively
ventilating patients with severe respiratory
failure. Hence, we advise against stockpil-
ing NIV ventilators, but we encourage
re-purposing NIV ventilators already on
hand for invasive ventilation, if no other
option exists. That is, though NIV ventila-
tors should not be stockpiled, NIV ventila-
tors already present and that are capable of
ventilating through an endotracheal or cuffed
tracheostomy tube should be re-purposed
during a disaster. We do not believe that we
or most other clinicians are able to imme-
diately discriminate between all patients who
will tolerate NIV and those who will fail
NIV and require emergency intubation. Al-
ready a large proportion will bypass NIV
because most clinicians will not attempt to
use NIV on hemodynamically unstable pa-
tients and those with multi-organ-dysfunc-
tion syndrome. Several studies have shown
that, in patients with hypoxemic respiratory
failure, a low P, /Fo, after 1 or 2-hours,
and a high Simplified Acute Physiology
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Score II score portend the need for intuba-
tion.?3-2* The Simplified Acute Physiology
Score requires several laboratory studies,
and ideally is scored with the worst vari-
ables over 24 hours. Time and laboratory
capacity may not be abundant resources dur-
ing a mass-respiratory-failure event. Also,
experienced staff are likely to be in short
supply, and patients who fail NIV may not
be identified at the 1 hour or 2 hour mark.
We disagree with McCracken that early
watching of patients is no longer resource-
intensive. The data indicate that the first
2 hours of NIV is very important for getting
the patient to tolerate NIV and to identify
NIV failure.?! Even after the first day, in-
tense observation is necessary. Schettino
et al reported that 38% of NIV failures in
hypoxemic respiratory failure occurred af-
ter 24 hours,?! and Antonelli et al reported
that 30% of failures occurred after 48
hours.?? A high proportion of these patients
required intubation, and their mortality rate
was high.

Even if NIV equipment and adequate
numbers of appropriately trained staff are
available, we would still caution against
planning to use NIV to ventilate patients
with respiratory failure, including those who
have conditions that are more likely to re-
spond to NIV (COPD exacerbation due to
viral respiratory infection). McCracken ap-
propriately highlighted the uncertainty re-
garding NIV and secondary transmission of
respiratory infection.?>2¢ Some facilities
successfully used NIV during the severe
acute respiratory syndrome (SARS) epi-
demic, albeit with many modifications (ex-
piratory filters in rooms with negative pres-
sure, > 8§ air exchanges per hour, and
powered air-purifying respirators), others re-
stricted use, and some reported a possible
mode of transmission.?”-28 If the pandemic
strain of influenza is able to bind to recep-
tors on the proximal respiratory epithelium,
then perhaps transmission can occur via
NIV. Also, if we apply McCracken’s meth-
odology to all personal protective equip-
ment, we could argue that the lack of sec-
ondary transmission of SARS in the United
States, despite inadequate use of personal
protective equipment, indicates that even ba-
sic personal protective equipment is not
needed.?®

Paramedics are not obligated to rescue a
person in an unsafe building (eg, fully in-
volved with fire or structurally unsound),
even if the victim would clearly benefit from
assistance. Similarly, clinicians should wear
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personal protective equipment when provid-
ing respiratory care for patients with conta-
gious diseases for which effective prophy-
laxis is not available and that can cause
severe disease. The data are limited and in-
conclusive on the risk of SARS transmis-
sion via NIV, and we do not know if NIV
will be implicated in transmission of other
pathogens. We therefore stand by our rec-
ommendation not to plan for widespread
use of NIV, even with existing equipment,
when a contagious pathogen is suspected.

We find no data in the literature to change
our stance regarding NIV. The basis of our
recommendations includes provision of best
care for the patient and safety for the care-
givers.

Richard D Branson MSc RRT FAARC
Department of Surgery

University of Cincinnati

Cincinnati, Ohio

Lewis Rubinson MD PhD

Division of Healthcare Quality Promotion
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Blow-By Revisited

Respiratory care has changed substan-
tially since I began my career as an “inha-
lation therapist.” Intermittent positive-pres-
sure breathing with a handful of medications
was the predominant treatment. Today, re-
spiratory therapists (RTs) utilize a wide
range of drugs and aerosol devices supported

by evidence-based research. What has not
changed is our primary choice of interfaces:
mouthpiece or mask. Disposables aside,
there is little difference between a 1970 and
2008 era mouthpiece or mask.

One “interface” between the nebulizer
and the patient has undergone dramatic
changes: the RT. RT education has transi-
tioned from “on-the-job oxygen orderlies”
to associate and bachelor of science degree
programs, with a few graduate-level schools.
For my purpose, it is the RT who chooses
the appropriate interface for an infant. Un-
fortunately, infants are not familiar with the
current literature, they don’t know that a
mouthpiece is the best interface, nor do they
care that a “well fitting” mask is the next
best. Infants come with a wide variety of
temperaments; a few, with a modicum of
care, will let you put a mask on their face
and will even tolerate it for the time it takes
to deliver the medication. However, for a
variety of reasons, a substantial number will
not tolerate a mask on their face. Some will
let you hold it 2 cm from their face but will
not let you put it on their face.! Fortunately,
RTs are familiar with the literature that sup-
ports an alternative delivery method:
blow-by.>8

The delivery and measurement of drug
deposition in an infant lung model or in vivo
is as much art as science, as reflected by the
wide range of results in the literature. Esti-
mates for blow-by range from negligible to
greater than 100% of a mask-delivered
dose,> the wide range due to differences in
nebulizers, blow-by technique, distance
from the patient, and measurement meth-
ods. The results of the research support the
use of blow-by via T-piece or corrugated
tubing held half an inch (1.27 c¢cm) or less
from the face, as a technique in those in-
fants for whom a mask is not practical.>>-7

Delivery of aerosolized medication to pe-
diatric patients will continue to be a chal-
lenge that requires further research into the
best techniques, interfaces, and the variables
that the RT can control at the bedside. It is
critical that RTs and physicians maintain
familiarity with the current literature on
treatment techniques and medications. How-
ever, for a specific patient, research can only
provide guidance as to the appropriate tech-
nique. It is the role of the RT to evaluate the
efficacy of the treatment regimen: Is the
patient’s work of breathing reduced? Are
there fewer retractions? Is the respiratory
rate lower? Are breath sounds improved? It
is the RT at the bedside making a post-
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