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The use of high-flow nasal cannula (HFNC) 
systems for oxygen delivery in critical care 
has exploded over the past decade. This 

has occurred despite relatively little scientific 
knowledge into the mechanisms of action and 
clinical efficacy. This review will describe the 
principles of HFNC and briefly review the current 
state of the evidence supporting its clinical use. 

WHAT IS HIGH FLOW?
HFNC (often referred to as high-flow) systems are 
broadly defined as systems that provide an oxygen-
gas mixture at flows that meet or exceed a patient’s 
spontaneous inspiratory effort. Traditionally, 
oxygen delivered via nasal cannula has required 
low flow rates, thus limiting the amount of 

supplemental oxygen that can be delivered. In 
adults, flow rates > 6 L/min are generally not 
recommended. This is primarily due to limitations 
in the ability to humidify oxygen at higher flows, 
leading to the drying of mucous membranes and 
general patient discomfort. It is generally taught 
that low-flow nasal cannulas can increase the 
fraction of inspired oxygen (FIO2) from 0.21 
(room air) to perhaps 0.30-0.45 at most. However, 
subsequent research has shown that these estimates 
are overly optimistic, extremely variable, and 
widely fluctuate with increasing inspiratory flow 
rates.1 High inspiratory flow rates decrease inspired 
FIO2 because more room air is entrained, diluting 
the supplemental oxygen being provided via the 
nasal cannula.  
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Traditionally, this problem has been 
addressed by appending oxygen 
reservoirs to nasal cannulas or 
providing oxygen via face mask. 
HFNC addresses this problem by 
providing much higher flows (up to 
30, 40, or 60 L/min) in an attempt to 
match the patient’s inspiratory flow.  
Heating and humidifying the oxygen 
allows high flows to be tolerated and 
is addressed via specialized equipment 
capable of mixing oxygen with heated 
water vapor. HFNC systems are more 
expensive than low-flow systems with 
an approximate cost of about $2600.1

HOW DOES IT WORK?
There are several proposed 
mechanisms to explain the therapeutic 
effect of HFNC.1,2 These include 
matching delivered oxygen flow rates 
to inspiratory flow, creating a reservoir 
of oxygen within the nasopharynx, 
and providing continuous positive 
airway pressure (CPAP).

HFNC minimizes entrainment of room 
air and dilution of delivered oxygen 
by providing oxygen at flows high 
enough to match or exceed a patient’s 
inspiratory drive. Two abstracts have 
supported this proposed mechanism.3,4 
In normal subjects breathing 
through an airway model, increasing 
nasal cannula flow rates produced 
increasing tracheal FIO2 levels. 
Furthermore, a higher FIO2 could be 
achieved via HFNC than via a non-
rebreather mask.3 Even at high minute 
ventilations, HFNC can provide 
quite high levels of inspired oxygen. 
In an airway model with a minute 
ventilation of 20 L/min, an FIO2 of 
0.83 was achieved with a flow of 25 L/
min.4 In normal volunteers, FIO2 has 
been shown to decrease by 20% when 
a large differential between the HFNC 
rate and the subject’s inspiratory flow 
rate develops.5 Therefore, for HFNC 
to be effective, clinicians need to use 
higher flow rates for patients with very 
high inspiratory drives. 

HFNC systems have been postulated 
to improve oxygenation and decrease 
work of breathing by creating a 
reservoir of oxygen within the 
nasopharynx and by washing out 

nasopharyngeal dead space.1,2 This 
effect is similar to what is observed 
with tracheal gas insufflation. 
However, there is only indirect 
evidence to support this theory. Finally, 
HFNC has been shown to provide 
a modest degree of CPAP.6,7 This is 
theorized to improve oxygenation 
by increasing mean airway pressure 
and recruitment of alveoli. CPAP 
may also decrease work of breathing 
by counteracting intrinsic PEEP and 
decreasing total airway resistance as 
well.1,2 However, there is no direct 
evidence supporting these theories in 
adults. The effect of positive pressure 
is debated as pressures decrease 
when the mouth is open, and in one 
study, pressures decreased to 0 during 
inspiration.7 It is likely that providing 
oxygen flow rates that match or 
exceed a patient’s inspiratory flow and 
creating an oxygen reservoir account 
for much of the effect seen with HFNC 
systems.1,2

DO WE KNOW IF IT WORKS?
Despite widespread and increasing 
use, the clinical use of HFNC systems 
has not been critically evaluated. It 
has been best studied in neonates 
with three randomized, controlled 
trials and several observational 
studies. However, a Cochrane review 
on HFNC for respiratory support 
in premature infants concluded 
there was insufficient evidence to 
determine safety and effectiveness.8  
In children, limited data suggest that 
HFNC may decrease intubation rates, 
primarily in children being treated for 
bronchiolitis.9

There are very few data on the use of 
HFNC in adults. Most studies have 
used measures of comfort, ease of use, 
or short-term changes in oxygenation 
as primary outcome measures. There 
have been very few studies evaluating 
key clinical outcomes such as duration 
of support, treatment failures, or 
length of stay. 

The performance and acceptance 
of HFNC among patients and staff 
in a postoperative surgical “high-
dependence” unit was described in 
2008.10 HFNC was rated 90% positive 
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by patients and well accepted by staff but there 
was no comparison to other oxygen delivery 
devices. In 2010, a randomized, crossover trial 
compared 30 minutes of HFNC to high-flow 
face mask in 50 patients requiring supplemental 
oxygen following extubation.11 Both systems 
were matched for flow and FIO2. There were 
no significant differences in gas exchange or 
vital signs, although there was a trend toward 
improved patient comfort with HFNC. Also 
in 2010, Roca et al performed a prospective 
sequential comparison of face mask oxygen (flow 
= 15 L/min) and HFNC.12 Patients (n = 20) were 
included if pulse oximetry was less than 96% 
or higher than 50% FIO2. Patients were placed 
on face mask oxygen for 30 minutes followed 
by HFNC for 30 minutes. After each 30-minute 
period, they were asked about dyspnea, mouth 
dryness, and overall comfort. Dyspnea, mouth 
dryness, comfort, respiratory rate, and measures 
of oxygenation were all significantly improved on 
HFNC compared to face mask.  

Sztrymf and colleagues have prospectively 
evaluated HFNC in both the ICU13,14 and 
emergency department.15 Patients who remained 
hypoxic after oxygen treatment via non-
rebreather were placed on HFNC. Oxygenation 
and work of breathing were improved after 
1 hour on HFNC. A lack of improvement in 
oxygenation or respiratory rate, or a persistence 
of thoracoabdominal asynchrony, were suggested 
as early signs of high-flow failure.13 It should be 
noted that key limitations of all of the studies 
described above have been the lack of control 
groups.

In 2011, Parke et al reported, to my knowledge, 
the only prospective, randomized trial of HFNC.16  
Sixty patients admitted to a cardiothoracic or 
vascular ICU with mild-to-moderate hypoxemic 
respiratory failure were randomized to HFNC or 
face mask oxygen. The primary outcomes were 
treatment failure within 24 hours (progression 
to noninvasive ventilation) and patient comfort.  
Patients managed on HFNC were less likely to 
require noninvasive ventilation, although this 
difference was not statistically significant (3/29 vs 
8/27, P = 0.10).

SUMMARY
HFNC is relatively easy to use and appears to fill 
a niche between low-flow nasal cannula/face mask 
systems and noninvasive ventilation. HFNC has 
the advantage of allowing patients to talk, eat, 
drink, and more easily clear secretions compared 
to noninvasive ventilation. There are some key 
points to consider. Current evidence suggests that 

HFNC improves oxygenation, improves work of 
breathing, and may be more comfortable. I think 
most clinicians’ bedside experience would agree. 
However, HFNC has not been shown to improve 
ventilation; its use in patients with hypercarbia 
should be carefully considered. Noninvasive 
ventilation with CPAP is the standard of care in 
patients with heart failure and it is not known if 
HFNC is adequate for this condition.

Everyone on the medical team needs to have a 
good understanding of HFNC. Care providers 
with a limited understanding of this technology 
run the risk of assuming a patient must not 
be very sick since he or she is “only on nasal 
cannula.” In fact, the patient may be quite sick 
and on very high oxygen supplementation.  
Finally, both FIO2 and flow are titratable. It is 
important that everyone on the medical team 
is aware of what changes are being made. For 
example, a patient who has gone from 70% 
to 50% FIO2 may seem to be improving until 
it is discovered this occurred in the setting of 
increasing flow rates from 30 to 60 L/min.

As ICU clinicians, we have a history of gravitating 
toward the newest and brightest — new and 
improved ventilator modes, fancy new ways to 
monitor hemodynamics, HFNC, etc. Not unlike 
the case with most other new equipment, the use 
of HFNC in the ICU has advanced much faster 
than the evidence demonstrating its effectiveness.  
That is not to say that HFNC does not have a 
place in critical care. However, as with any new 
technology, we should proceed with a degree of 
caution and skepticism. Without good quality 
data to show that HFNC is an improvement 
from previous oxygen delivery systems, we are 
practicing on anecdotes and faith. Furthermore, 
we do not yet have a good sense of the potential 
harms. For example, arguments are being made 
that HFNC may prevent or delay intubation in 
patients with hypoxic respiratory failure. This is 
a good thing if it leads to better patient outcomes; 
however, if it leads to delaying a necessary 
intubation too long, it may lead to patient harm. 
Thus far, data related to clinically significant 
outcomes such as length of stay, intubation rates, 
and mortality are lacking. Fortunately, studies 
addressing many of these questions are currently 
underway.2 In the meantime, we should not let our 
excitement for new technology cause us to forget 
that only after critical evaluations can we be sure 
we are helping, and not hurting, our patients.   n
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These two reports of large, multicenter, 
randomized, controlled trials of high-
frequency oscillatory ventilation (HFOV) 

as compared to conventional lung-protective 
ventilation (LPV) in patients with the acute 
respiratory distress syndrome (ARDS) were 
electronically published on the same day in The 
New England Journal of Medicine. The first, 
the Oscillation for Acute Respiratory Distress 
Syndrome Treated Early (OSCILLATE) trial, 
was conducted primarily in Canada, while the 
second, the Oscillation in ARDS (OSCAR) trial, 
was carried out at 29 hospitals in the United 
Kingdom.

The OSCILLATE trial used explicit ventilator 
management protocols for both the HFOV arm and 
the control arm, which consisted of a high positive 
end-expiratory pressure (PEEP), low tidal volume 
(Vt) strategy. There were no differences in baseline 
characteristics between treatment groups. The study 
was stopped early because of significantly higher 
mortality in the HFOV vs the control group (47% vs 
35%, relative risk = 1.33 [confidence interval, 1.09-
1.64]; P = 0.005). A larger proportion of patients in 
the HFOV arm required both vasopressor support 
and paralysis for longer duration, as well as more 
sedation. There also was a non-significant trend 
toward higher positive fluid balance among patients 
in the HFOV arm.  

In contrast, the OSCAR trial did not find a 
difference in mortality between the HFOV and 
control group (41.7 vs 41.1% respectively, 
P = 0.85); neither was there a difference in 
requirements for sedatives, neuromuscular 
blocking agents, or vasopressors. There were no 
differences in baseline characteristics between 
groups. An explicit protocol was used for the 
HFOV arm, whereas patients in the control arm 
were managed by usual care, although the use 
of a Vt between 6-8 mL/kg ideal body weight 
and adherence to the NIH ARDSNet PEEP/FIO2 
grid1 was encouraged. In each study, the median 
duration of HFOV was 3 days and the primary 
outcome was mortality.

n COMMENTARY
In theory, HFOV seemed the ideal LPV mode 
for managing severe ARDS. Therefore, it is 
surprising that in these two large, well-designed, 
well-executed studies enrolling more than 1300 
patients with moderate-to-severe ARDS, HFOV 
failed to improve meaningful outcomes. And 
in the case of the OSCILLATE trial, HFOV 
paradoxically was harmful. In retrospect, 
HFOV may be too simplistic an approach to 
mechanical ventilation, given the complexity of 
both pulmonary mechanics in ARDS and the 
mechanisms governing ventilator-induced lung 
injury (VILI).  

AbsTRACT & CommEnTARy

Open-Lung Ventilation in ARDS is Not 
Necessarily Lung Protective 
By Richard H. Kallet, MS, RRT, FAARC, FCCM
Director of Quality Assurance, Respiratory Care Services, San Francisco General Hospital

mr. Kallet reports no financial relationships relevant to this field of study.

SYNOPSIS: Two large, prospective, multicenter, randomized, controlled trails (OSILLATE and OSCAR) compared 
high-frequency oscillatory ventilation (HFOV) to either a high-PEEP approach to open-lung ventilation or usual care 
(lung-protective ventilation). In the first study, HFOV using relatively high mean airway pressures was stopped early 
due to significantly higher hospital mortality in the HFOV group. The second study found no difference in mortality. 

SOURCES: Ferguson ND, et al. High-frequency oscillation in early acute respiratory distress syndrome. N Engl J Med 2013;368:795-805. 
Young D, et al. High-frequency oscillation for acute respiratory distress syndrome. N Engl J Med 2013;368:806-813.
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The complexity of managing severe ARDS 
also includes other related factors. Survival is 
negatively influenced by the inability to clear 
pulmonary edema and by the development of 
acute cor pulmonale. Mortality associated with 
cor pulmonale in ARDS appears highly influenced 
by the magnitude of lung stress.2 Excessive 
airway pressures cause alveolar overdistension, 
diminished venous return, and increased right 
ventricular afterload that requires intravascular 
volume expansion to maintain perfusion, and thus 
may worsen pulmonary edema. Furthermore, lung 
injury in ARDS is heterogeneously distributed in a 
manner determined by the mechanism and severity 
of injury as well as abnormalities in chest wall 
compliance. Thus, the degree of lung recruitment 
vs overdistension, as well as hemodynamic 
compromise and fluid requirements, may vary 
considerably between patients.

Hemodynamic compromise is the archetypal 
signifier for pulmonary overdistension, and its 
prominence during HFOV in the OSCILLATE 
trial suggests a plausible, partial explanation 
for the higher mortality. The most cogent 
explanation of VILI (i.e., strain-stress theory) 
proposes that excessive end-inspiratory volume 
(or strain) relative to functional residual capacity 
causes abnormal stress to develop resulting in 
alveolar cell membrane failure and secondary 
inflammation. In addition, non- or poorly aerated 
areas adjoining normal lung tissue serve as 
“stress amplifiers” magnifying the inflammatory 
response because of sheering phenomena. 
However, the theory also posits that the duration 
of excessive stress is likely as important as the 
magnitude.  

Therefore, in a heterogeneously injured lung 
with variable recruitability and a potentially 
wide spectrum of regional compliances and 
resistances (i.e., time constant distributions), 
less-injured and normal lung tissue alike are 
vulnerable to sustained overdistension during 
HFOV. Paradoxically, this could accelerate 
the development of VILI. For perspective, it is 
sobering that a 6 mL/kg Vt with moderate PEEP 
levels and a Pplat under 30 cm H2O nonetheless 
causes regional tidal hyperinflation and increased 
markers of inflammation.3

An inherent limitation of HFOV is the inability 
to monitor variables useful for assessing both 
lung recruitment and overdistension: plateau 
pressure, compliance, and dead space. Some 
newer ventilators already can measure functional 
residual capacity (and therefore can calculate 
a strain index). In the near future, other useful 
measurements for titrating LPV such as slope 
of Phase 3 (a volumetric capnography measure 
of ventilation-perfusion heterogeneity) and 
intra-tidal compliance (SLICE) should become 
available if clinical demand increases. Given the 
pathophysiologic complexity and variability 
of ARDS, it is more likely that titrating lung-
protective ventilation according to both traditional 
and sophisticated measures of chest mechanics and 
gas exchange will further improve outcomes in 
ARDS rather than novel modes of ventilation.   n
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How Safe is Bronchoscopy in Hypoxemic, 
Nonintubated ICU Patients? 
By David J. Pierson, MD, Editor

SYNOPSIS: In this observational study of nonintubated ICU patients receiving supplemental oxygen and/or 
noninvasive ventilation who underwent fiberoptic bronchoscopy, 35% of the patients were put on increased 
levels of respiratory support within the next 24 hours and 15% required intubation.

SOURCE: Cracco C, et al.  Safety of performing fiberoptic bronchoscopy in critically ill hypoxemic patients with acute respiratory failure. Intensive 
Care Med 2013;39:45-52.

In this multicenter observational study carried 
out in eight ICUs in France, Cracco and 
colleagues evaluated the safety of fiberoptic 

bronchoscopy (FOB) when performed in acutely 

ill, nonintubated patients who were receiving 
supplemental oxygen and/or noninvasive positive-
pressure ventilation (NIPPV). Consecutive 
patients were included if they were > 18, had no 
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contraindications to FOB, had not previously 
undergone FOB, were receiving NIPPV or 
supplemental oxygen at 8 L/min or more to 
maintain a SpO2 > 94%, had PaO2/FIO2 ratios 
estimated to be < 300 mmHg, and had no do-
not-resuscitate or other therapy-limiting status.  
Indications for FOB were determined by the 
patients’ managing physicians. The study’s 
endpoints were the necessity of an increased 
level of supplemental oxygen and/or ventilation 
support and the need for intubation during the  
24 hours following FOB.  

During the study’s 14-month enrollment period 
in 2005-2006, 169 patients undergoing FOB 
met all the specified criteria and were included.  
Indications for FOB (in some cases more than one) 
included immunodeficiency in 37%, atelectasis in 
29%, hospital-acquired pneumonia in 27%, acute 
diffuse pulmonary infiltrates in 27%, community-
acquired pneumonia in 12%, and other conditions 
in 7%. The procedure provided a diagnosis in 
59% of instances and led to the introduction or 
discontinuation of a treatment in 51%.  

In 59 patients (35%), respiratory support was 
escalated during the 24 hours following FOB.  
Twenty-five patients (15%) were intubated and 
placed on invasive mechanical ventilation, while 
17 others (10%) were begun on NIPPV. Sixty-four 
patients (38%) were receiving NIPPV prior to 
FOB, and in 12 of these patients the inspiratory 
and/or expiratory pressure and/or the number 
of hours per day of NIPPV were increased after 
the procedure; 54 other patients (32%) received 
NIPPV during FOB to facilitate tolerance of the 
procedure. In five other patients, the amount of 
oxygen administered in the absence of NIPPV 
had to be increased following FOB. Plots of the 
proportion of patients requiring intubation and  
escalating respiratory support as functions of time 
following FOB showed a steady increase over 
24 hours without any detectable bump shortly 
after the procedure. Thirty-six patients (21%) 
died in the ICU, three of them within 24 hours 
of FOB. Of the patient characteristics examined 
by multivariable analysis, only COPD and 
immunosuppression were found to be significantly 
associated with the need for invasive mechanical 
ventilation following FOB.

n COMMENTARY
In ICU patients who are not intubated but who 
have impaired oxygenation and/or are receiving 
NIPPV, does the performance of FOB increase the 
likelihood that their condition will worsen or that 

they will require intubation? This question, which 
comes up frequently when FOB is contemplated to 
assist with diagnosis or to facilitate therapy, may 
well have prompted the authors to perform this 
study. Unfortunately, it is a question that cannot 
be answered based on this report.  

The patients are described as critically ill and 
hypoxemic. Among such patients, how many 
of those who are potential candidates for FOB 
will require increased oxygen support and/or 
intubation within 24 hours, whether or not the 
procedure is performed? This question is key 
to addressing the issue under evaluation here. 
It cannot be answered, however, as there is no 
comparison group to provide an “expected” 
incidence of such escalation among such patients 
if FOB were not performed. Most of these 
patients had a diagnosis of either pneumonia or 
immunocompromise or both, conditions in which 
clinical deterioration after ICU admission occurs 
frequently. What can safely be concluded is that 
this population of ICU patients is at substantial 
risk for respiratory deterioration and intubation.  
Whether FOB increases this risk in and of itself 
remains uncertain, although the absence of an 
immediate bump in the need for intubation or 
increased support in the first few hours after the 
procedure is reassuring.

There is no question that FOB has potential 
complications in critically ill patients. It was 
demonstrated shortly after FOB was introduced 
40 years ago that the procedure affected both 
oxygenation and ventilation in intubated, 
mechanically ventilated patients.1 However, when 
performed carefully with appropriate ventilator 
adjustments and ancillary support, FOB with 
bronchoalveolar lavage has been shown to have 
remarkably few adverse effects, even in patients 
with severe acute respiratory distress syndrome.2 
In nonintubated patients deemed at risk for 
clinical deterioration, the application of NIPPV 
during FOB was described in 1996,3 and this 
strategy is now used routinely in many centers in 
managing such patients. The current study is a 
valuable contribution in that it calls attention to 
this population of patients, although whether and 
to what extent FOB itself precipitates respiratory 
deterioration or the need for intubation will have 
to be clarified by future investigations.   n
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The purpose of this study was to compare 
the usual method of physician-directed 
weaning from mechanical ventilation to 

a weaning protocol directed and managed by 
bedside ICU nurses. Not all ICUs have the luxury 
of full-time, dedicated respiratory therapist 
staffing. Thus, an innovative strategy to promote 
timely liberation from mechanical ventilation was 
examined by this group of physician and nurse 
investigators. 

The study was conducted in an intensivist-led, 
13-bed, medical-surgical ICU in a teaching-
affiliated hospital in the New York area. A 
prospective study design was used to compare 
retrospective data from a specific 6-month period 
of physician-directed weaning outcomes with 
patient outcomes during a 6-month prospective 
period of the nurse-driven ventilator weaning 
protocol. The hospital critical care committee 
developed the nurse-managed weaning protocol. 
Main outcomes for comparison included duration 
of mechanical ventilation (days), ICU length of 
stay, ventilator-associated pneumonia (VAP) rates, 
hospital mortality, and physician attitudes toward 
the nurse-managed protocol. The comparison 
and study periods were January to June to 
omit any seasonal variations in census. The 
nursing staff had an average of 15 years of ICU 
experience with a majority of the staff certified 
in critical care nursing. The nurses participated 
in protocol training and education sessions 
prior to implementation of the protocol, with a 
1-month pilot period to gain familiarity with the 
protocol and to standardize communication with 
physicians. A weaning-readiness and weaning-
tolerance tool was an essential component of 
the developed protocol. Details of this tool 
and criteria are available in the original article. 
Patients were extubated if they tolerated a 

spontaneous breathing trial, which was first 
verified by the physician. 

There were 462 patients admitted to the ICU 
during the examination of the retrospective phase 
of the study, with 476 patients admitted during 
the prospective study phase. There were no 
significant differences among patients (age, gender, 
APACHE II scores, SOFA scores, comorbidities) 
during the two study phases. Results reported 
from this study include shorter median days for 
mechanically ventilated in the nurse-driven group 
(2 days) as compared to the physician group (4 
days). Likewise, median ICU stay was less in 
the nurse group (5 days) when compared to the 
retrospective physician group data (7 days). Time 
to initiation of weaning trials was 2 ICU days in 
the nurse-driven protocol group, whereas it was 3 
days in the physician group. Patients in the nurse-
managed protocol period had weaning initiated 
more than 2 hours earlier when compared to the 
patients in the retrospective physician comparison 
group. There was no difference in sedative 
therapy management between the two study 
periods, nor were there any differences reported 
for hospital length of stay, VAP rates, mortality, 
or reintubation rates. Thus, the nurse-driven 
protocol was safe for ICU patients. Of the 76% 
of intensivists who completed the survey, their 
responses overall were a positive attitude toward 
the nurse-managed weaning protocol, including 
the earlier identification of patients ready to wean 
and the reduction in length of ventilatory support.  

n COMMENTARY
A majority of previous studies on weaning 
protocols have examined respiratory therapists 
taking responsibility or ICU physicians directing 
weaning trials. The article by Danckers and 
colleagues reports on an innovative protocol 

AbsTRACT & CommEnTARy

Nurse-Managed Ventilator Weaning Protocol 
Results in Positive Clinical Outcomes 
By Linda L. Chlan, RN, PhD
Dean's Distinguished Professor of Symptom Management Research, The Ohio State University, College of Nursing

Dr. Chlan reports that she receives grant/research support from the national Institutes of Health.

SYNOPSIS: Implementation of a nurse-driven protocol for weaning patients resulted in shortened duration of 
mechanical ventilation, shorter ICU stays, and a higher rate of successful weaning, with ICU physicians reporting  
a generally positive attitude toward nurses being responsible for protocol-directed weaning.  

SOURCE: Danckers M, et al. Nurse-driven, protocol-directed weaning from mechanical ventilation improves clinical outcomes and is well 
accepted by intensive care unit physicians. J Crit Care 2012; Dec. 19. [Epub ahead of print.]
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CME/CNE Objectives
Upon completion of this educational activity, participants should be able to:

•  identify the particular 
clinical, legal, or scientific 
issues related to critical 
care;

•  describe how those issues 
affect physicians, nurses, 
health care workers, 
hospitals, or the health care 
industry; and

•  cite solutions to the 
problems associated with 
those issues.

1. High-flow nasal cannula oxygen has been  
 best studied in:
a. infants in the neonatal intensive care unit.

b. children with asthma.

c. adults with chronic obstructive respiratory  
 failure.
d. adults with acute respiratory failure in the  
 emergency room.
e. adults with acute respiratory failure in the ICU.

2. All of the following are true regarding the  
 osCILLATE and osCAR trials except: 
a. both used an explicit protocol governing HFOV.

b. the median duration of HFOV was 3 days in 
 each trial.
c. sedation and vasopressor use was not different 
 between treatment arms in either study.
d. OSCILLATE required patients to have a PaO2/
 FIO2 < 200 on a PEEP/FIO2 of +10/0.60. 
e. mortality was higher in the HFOV arm of the 
 OSCILLATE study.

3. Which of the following was demonstrated in  
 the study of respiratory deterioration  
 following bronchoscopy in nonintubated  
 ICU patients requiring oxygenation support  
 and/or noninvasive ventilation?  

a. Performing bronchoscopy doubles the risk for  
 intubation in the next 24 hours.

b. Performing bronchoscopy increases the risk  
 for intubation, although this increase cannot  
 be quantitated based on this study.

c. Bronchoscopy has no detectable effect on  
 respiratory status or the need for intubation  
 after the procedure.

d. Patients such as those enrolled in the study  
 frequently experience respiratory deterioration  
 in the 24 hours following bronchoscopy.

4. Which of the following statements best  
 describes the main findings reported in the  
 study of nurse-directed ventilator weaning? 

a. Specially trained respiratory therapists are the 
 only health care roviders who should be  
 managing patient weaning from ventilator  
 support.
b. Experienced ICU nurses following a protocol 
 developed by the multidisciplinary ICU team  
 can achieve improved patient outcomes  
 compared to physician weaning without the  
 protocol.

c. The ICU physicians in this study were 
 vehemently opposed to the nurse-managed  
 weaning protocol.
d. ICU physician-managed weaning results in 
 patients being weaned earlier in the day than  
 when ICU nurses manage the weaning.

HRCT findings and ALI Outcomes[IN FUTURE ISSUES]

that utilized the expertise of the ICU 
nursing staff to realize positive clinical 
outcomes for patients weaning from 
mechanical ventilatory support. In 
addition, the investigators were wise 
to survey the intensivists who staff this 
ICU on their perceptions of the nurse-
managed weaning protocol since they 
ultimately gave the “green light” to 
proceed with extubation. Luckily for 
the ICU patients, these physicians who 
responded to the survey (a full 76% of 
the staff) reported favorable attitudes 
toward the protocol. The attitudes of 
the non-responders is not known. 

Given that the ICU participating did not 
have dedicated, full-time RT coverage, 
this study may have been conceived out 

of necessity. This study demonstrates 
that experienced ICU nurses can be 
trained in a weaning protocol and can 
achieve better outcomes than when 
the weaning is solely left to busy ICU 
physicians. An important caveat is that 
the nursing staff in the participating 
ICU were very experienced and most 
were certified in critical care nursing. 
These characteristics alone may have 
contributed to the strong outcomes for 
patients in the nurse-driven weaning 
protocol group. The protocol devised 
for this study may not be transferable 
to other ICUs with less experienced 
nursing staff or to a unit where the 
intensivists are not as supportive and 
positive about nurses managing a 
ventilator weaning protocol.   n

CME/CNE Questions
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Is This the End of the Road for Calcium Supplementation?

This supplement was written by William T. Elliott, MD, FACP, Chair, 
Formulary Committee, Kaiser Permanente, California Division; As-
sistant Clinical Professor of Medicine, University of California-San 
Francisco. In order to reveal any potential bias in this publication, we 
disclose that Dr. Elliott reports no consultant, stockholder, speaker’s 
bureau, research, or other financial relationships with companies 
having ties to this field of study. Questions and comments, call: 
(404) 262-5404. E-mail: neill.kimball@ahcmedia.com.

In this issue: Calcium supplementation in 
women; type 2 diabetes treatments and pancreati-
tis risk; treating chronic idiopathic urticaria; rivar-
oxaban and VTE; and FDA actions.

High calcium intakes in women 
Another study suggests that calcium supple-

mentation may lead to excess all-cause mortality 
and cardiovascular disease in otherwise healthy 
women. Researchers studied more than 61,000 
Swedish women for 19 years. Diet and calcium 
intake, including calcium supplementation, were 
assessed with the primary outcome being death 
from all causes and cause-specific cardiovascu-
lar disease, ischemic heart disease, and stroke. 
Higher dietary intake of calcium (> 1400 mg/day) 
was associated with a higher death rate from all 
causes compared to intake between 600-1000 mg/
day (hazard ratio [HR], 1.40; 95% confidence 
interval [CI], 1.17-1.67). Higher calcium intake 
was also linked to increased risk of cardiovascu-
lar disease (HR, 1.49; CI, 1.09-2.02) and isch-
emic heart disease (HR, 2.14; CI, 1.48-3.09). 
There was no higher risk of stroke. Intake of 
calcium in tablet form > 1400 mg/day was associ-
ated with 2.5 times greater risk of death from all 
causes (HR, 2.57; CI, 1.19-5.55). The authors 
conclude that higher intakes of calcium in women 
are associated with higher death rates from all 
causes as well as increased rates of cardiovascular 
disease but not stroke (BMJ published online Feb. 
13, 2013. DOI: org/10.1136/bmj.f228). Previous 
studies have focused more on stroke risk associ-
ated with calcium showing mixed results. This 
well-done study, along with previously published 
data from the Women’s Health Initiative, pro-
vides ample evidence to rethink calcium supple-

mentation for the 60% of middle-aged and older 
American women who are regular users of cal-
cium supplements. The U.S. Preventive Services 
Task Force came to the same conclusion (even 
before this study was published) with publica-
tion of updated guidelines in February stating 
that “current evidence is insufficient to assess the 
balance of the benefits and harms of combined 
vitamin D and calcium supplements for the pri-
mary prevention of fractures in postmenopausal 
women or men.” They further state there is no 
evidence to support use of more than 1000 mg of 
calcium and 400 mcg of vitamin D per day and 
recommends against using doses lower than 1000 
mg of calcium and 400 mcg of vitamin D. Their 
rationale is that supplementation does not reduce 
fracture risk but does increase the risk of renal 
stones in otherwise healthy women. This does 
not apply to women with osteoporosis or vitamin 
D deficiency (Ann Intern Med, published online 
Feb. 26, 2013).   n

Diabetes therapies and pancreatitis risk
Glucagonlike peptide 1 (GLP-1) mimetics 

(e.g., analogs of GLP-1 and dipeptidyl peptidase 
IV inhibitors) used for the treatment of type 2 
diabetes might increase the risk of pancreatitis, 
according to a recent population-based, case-con-
trol study. Using a large population database of 
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type 2 diabetics, 1269 cases of acute pancreatitis 
were identified and those patients were matched 
with 1269 controls with similar risk factors (age, 
sex, diabetes mellitus complications, etc). After 
adjusting for available confounders, current use 
of GLP-1 based therapies (exenatide [Byetta] and 
sitagliptin [Januvia]) more than doubled the risk 
for acute pancreatitis (adjusted odds ratio 2.24, 
95% CI, 1.36-3.68). The authors state that “Our 
findings suggest a significantly increased risk of 
hospitalization for acute pancreatitis associated 
with the use of sitagliptin or exenatide among 
adult patients with type 2 diabetes mellitus” 
(JAMA Intern Med published online Feb. 25, 
2013. DOI: 10.1001/jamainternmed.2013.2720). 
Both drugs already carry a boxed warning 
regarding pancreatitis.   n

Omalizumab for idiopathic urticaria 
Chronic idiopathic urticaria is one of the 

most frustrating entities to treat as many 
patients do not respond to antihistamines, even 
in high doses. Now, a new study suggests that 
omalizumab (Xolair), an IgE monoclonal anti-
body used to treat asthma, may be effective in 
these patients. Patients with moderate-to-severe 
chronic idiopathic urticaria (n = 323) were ran-
domized to SQ injections of omalizumab every 
4 weeks for three total injections at doses of 75 
mg, 150 mg, 300 mg, or placebo. The primary 
outcome was itch-severity score. The 75 mg 
dose was no better than placebo, but the two 
higher doses showed significant reductions in 
itching, with the 300 mg dose being the most 
effective. The higher dose was also associated 
with the highest risk of side effects, however, 
at about 6%. The authors conclude that omali-
zumab was effective in these patients who were 
previously symptomatic despite antihistamines. 
The study was sponsored by the drug manufac-
turers Genentech and Novartis Pharma (N Engl 
J Med published online Feb. 24, 2013. DOI: 
10.1056/NEJMoa1215372).   n

Rivaroxaban for VTE prevention  
Rivaroxaban, the oral Xa inhibitor, is as 

effective as enoxaparin in preventing venous 
thromboembolism (VTE) in patients with acute 
medical illnesses, but with a higher risk of bleed-
ing, according to a new study. More than 8100 
acutely ill hospitalized patients were randomized 
to 10 days of enoxaparin 40 mg SQ daily or 35 

days of rivaroxaban 40 mg orally with matching 
placebos. The primary outcome of asymptom-
atic or symptomatic VTE occurred in 2.7% of 
patients in both groups by day 10. By day 35, 
the rates were 4.4% for rivaroxaban and 5.7% 
for enoxaparin (P = 0.02). However, the bleed-
ing rate was more than double in the rivaroxaban 
group at day 10 (2.8% vs 1.2%, P < 0.001) and 
even higher at day 35 (4.1% vs 1.7%, P < 0.001). 
The authors conclude that rivaroxaban was 
noninferior to enoxaparin for standard duration 
thromboprophylaxis (10 days) and reduced the 
risk of VTE at 35 days with an increased risk of 
bleeding (N Engl J Med 2013;368:513-523).   n

FDA actions
A new selective estrogen receptor modulator 

(SERM) has been approved for the treatment of 
dyspareunia due to vulvar and vaginal atrophy 
in postmenopausal women. Ospemifene appears 
to benefit vaginal epithelium without significant 
effect on the endometrium. The drug’s safety and 
efficacy was established in three clinical trials of 
nearly 1900 postmenopausal women with vulvar 
and vaginal atrophy who were randomly assigned 
to ospemifene or placebo. After 12 weeks, the 
first two trials showed statistically significant 
improvement in dyspareunia while the third trial 
supported the long-term safety of the drug. The 
drug is contraindicated in women with genital 
bleeding, estrogen-dependent cancer, or thrombo-
embolic disease. The risk of stroke and VTE was 
higher than baseline but lower than the rates seen 
with estrogen replacement therapy. Ospemifene 
comes with a boxed warning regarding endome-
trial hyperplasia and abnormal vaginal bleeding. 
Common side effects include hot flashes, vaginal 
discharge, muscle spasms, and sweating. It will be 
marketed by Shionogi Inc. as Osphena.

The FDA has approved ado-trastuzumab 
emtansine for use as a single agent in patients 
with late-stage, HER2-positive breast cancer. The 
drug is approved for patients who have already 
been treated with trastuzumab and taxane sepa-
rately or in combination. Approval was based on 
a study of nearly 1000 women with metastatic 
breast cancer in which progression-free sur-
vival was about 3 months longer with the drug 
compared to lapatinib plus capecitabine, and 
overall survival was about 6 months longer. Ado-
trastuzumab emtansine is marketed by Genentech 
as Kadcyla.   n


