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Intensive care unit (ICU) costs have doubled since 2000, totalling 108 billion dollars per year. Acute respiratory distress syndrome
(ARDS) has a prevalence of 10.4% and a 28-day mortality of 34.8%. Noninvasive ventilation (NIV) is used in up to 30% of cases. A
recent randomized controlled trial by Patel et al. (2016) showed lower intubation rates and 90-day mortality when comparing
helmet to face mask NIV in ARDS.)e population in the Patel et al. trial was used for cost analysis in this study. Projections of cost
savings showed a decrease in ICU costs by $2527 and hospital costs by $3103 per patient, along with a 43.3% absolute reduction in
intubation rates. Sensitivity analysis showed consistent cost reductions. Projected annual cost savings, assuming the current
prevalence of ARDS, were $237538 in ICU costs and $291682 in hospital costs. At a national level, using yearly incidence of ARDS
cases in American ICUs, this represents $449 million in savings. Helmet NIV, compared to face mask NIV, in nonintubated
patients with ARDS, reduces ICU and hospital direct-variable costs along with intubation rates, LOS, and mortality. A large-scale
cost-effectiveness analysis is needed to validate the findings.

1. Introduction

Our population is aging, hospital admissions are getting
more frequent with a longer length of stay (LOS), intensive
care and hospital occupancy rates are climbing, and
healthcare-associated expenditures are increasing [1, 2].
Intensive care costs alone totalled 108 billion US dollars in
2010, nearly double that of 2000 (56 billion US dollars). ICU
costs account for 13.2% of hospital expenditures and 0.72%
of the gross domestic product in the United States, a 32%
percent rise from 2000 to 2010 [1, 2]. It is estimated that
a single day in the intensive care unit (ICU) costs 2500–4300

US dollars per patient, representing a 61.1% increase in costs
over the same time period with the use of new medications,
technologies, and specialized care [1–4]. Moving forward,
finding ways to reduce ICU costs will reduce the financial
burden of increasing utilization of ICU care. New practices
focusing on cost-effectiveness will be key by evaluating the
effectiveness of the practice on patient outcomes as well as
the resources required to implement it [5].

Acute respiratory distress syndrome (ARDS) has a world-
wide prevalence of 10.4% in ICUs and an overall 28-day
mortality of 34.8% [6]. In the absence of a proven mortality
benefit, noninvasive ventilation (NIV) is used in up to 30% of
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patients with ARDS [6–8]. In June 2016, Patel et al. published
the first randomized controlled trial comparing helmet and face
mask NIV for patients with ARDS [7]. )e patients who re-
ceived helmet NIV had a reduction in intubation rates, ICU
LOS, and 90-day mortality, as well as increased ventilator-free
days. Intubation rates were 61.5% in the face mask group, as
opposed to 18.2% in the helmet group, giving an absolute risk
reduction of 43.3% (95%CI 24.3–62.4%, p< 0.001). In fact, the
trial was stopped early for efficacy at the first interim analysis
after one-third of planned patient enrollment.

Increased ventilator days are associated with longer LOS,
higher risk of complications of intubation in ARDS such as
pneumonia [9], delirium [10], and ICU-acquired weakness
[11], and a higher risk of mortality. Reducing intubation rates
is therefore expected to reduce the number of complications
and have significant cost savings.

Helmet NIV has been shown to provide similar oxy-
genation when compared to face mask NIV while providing
better patient tolerability, less air leaks, and a universal size
independent of facial anatomy [12, 13].

)is study was conducted to quantify the potential ICU
and hospital cost savings of helmet NIV compared to face
mask NIV in ARDS.

2. Methods

)e population used to calculate ICU and hospital costs
consists of patients with ARDS, treated with face mask or
helmet NIV, studied in the randomized controlled trial by
Patel et al. [7]. )e total and individual patient costs of both
study groups were calculated based on their reported ICU
and hospital LOS. A cost analysis model proposed by Lord
et al. [14] based on cost values published by Kahn et al. [15]
was used to estimate average daily cost, which was then
multiplied by the LOS values. )is model calculates daily
direct-variable costs in the ICU and on hospital wards. It
assumes that ICU days are more expensive than ward days,
that all ward days have the same cost, that the first ICU day is
the most expensive, and that the ICU cost decreases daily
until day 5. All costs were inflated to 2016 US dollars using
the overall consumer price index reported by the Bureau of
Labor Statistics [16]. We calculated the difference in costs by
subtracting the costs of the helmet NIV group from the face
mask NIV group. 95% confidence intervals were estimated
using bootstrap resampling procedures with 1000 iterations.
Potential cost savings were projected by assuming a 10%
prevalence of ARDS, 30% use of NIV in ARDS, and identical
cost of purchase of helmet and face mask NIV to then
multiply average cost savings per patient with the potential
number of ARDS patients per year treated with NIV.

3. Results

For the purpose of this paper, the population examined by
Patel et al. was used as the study sample (as detailed in [7]).
)e total number of patients is 83, 39 of which were treated
with face mask NIV, and 44 with helmet NIV. Both groups
were comparable in terms of age, severity of illness, medical
history, reason for acute respiratory failure, PaO2 : FiO2 ratio,

and the amount of respiratory support on NIV. Outcomes are
presented in Table 1. )ere was a statistically significant re-
duction in endotracheal intubation (−43.3%, p< 0.001) and
increase in ventilator-free days (8.4, p< 0.001) with helmet
NIV. )ere was also a reduction in ICU LOS, hospital LOS,
and 90-day mortality with helmet NIV.

Absolute differences in cost are shown in Table 2. With
a significant reduction in ICU and hospital LOS in the
helmet NIV group, associated ICU and hospital costs were
reduced by 2527 US dollars and 3103 US dollars per patient,
respectively. )e total cost saving in the care of the helmet
NIV group was 71842 US dollars.

A sensitivity analysis was conducted to assess potential
variations in ICU and hospital costs, according to varying
ICU lengths of stay, for either the face mask or the helmet
group, or both. As shown in Table 3, even by increasing the
helmet group’s ICU LOS, helmet NIV consistently repre-
sented a cost-saving method to treat patients with ARDS.
For example, a one-day increase in ICU LOS for the helmet
group and a steady ICU LOS for the face mask group lead to
a reduction in ICU and hospital costs of 1712 US dollars and
2288 US dollars per patient, respectively, favoring helmet
NIV. To note, these analyses manipulated LOS regardless of
outcome, which was expected to remain stable across groups
throughout the sensitivity analysis. However, as helmet NIV
group patients are expected to show a greater proportion of
successful outcomes, the sensitivity analysis may be seen as
conservative in the magnitude of the advantage it indicates
for helmet use.

4. Discussion

)is cost analysis shows a consistent reduction in cost as-
sociated with the use of helmet NIV in the ARDS population
studied by Patel et al. [7] along with a reduction in in-
tubation rates, LOS, and mortality. Potential savings could
be illustrated despite variations in LOS with the sensitivity
analysis, and these savings were extrapolated to differing
volumes of ARDS.)is analysis represents an important step
in finding a cost-efficient, well-tolerated, and easily appli-
cable way to deliver care to patients with ARDS who are not
intubated at the time of assessment and admission to the
ICU. As mentioned, this represents up to 30% of patients
with ARDS. Importantly, single interventions with a mor-
tality benefit in the care of ICU patients such as this one are
uncommon [17].

)e magnitude of potential savings at a national level is
immense. 5.7 million patients are admitted to an ICU each
year in the United States [18], and 10.4% of them are as-
sumed to have ARDS [6]. )is corresponds to 592800 pa-
tients who are admitted with ARDS yearly. Assuming that up
to 30% of these patients are treated with NIV, which is to say
177840 patients, the use of the helmet interface would lead to
potential total savings of 449 million US dollars when
compared to the face mask interface.

Limitations to this cost analysis lie in the assumptions of
the model. Firstly, calculations were based on a randomized
and controlled, but single-center, unblended, and small
study population. )is center was also accustomed to using
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the helmet NIV interface. In order to avoid unwarranted
variability, centers unaccustomed to the use of helmet NIV
would need to be included in future studies, to avoid se-
lection bias based on established experience with the in-
terface. Secondly, costs were obtained from a model
developed from a separate single-center’s financial data. In
order to establish that helmet NIV is a truly cost-effective
way of treating nonintubated patients with ARDS, a large
multicenter health economic evaluation, comparing costs
and outcomes of the helmet to the face mask NIV, interfaces
would need to be done. Hospitals would track direct costs
concurrently and include the cost of the apparatus of NIV
(facemasks, helmets, etc.) in the analyses, in order to provide

exact rather than projected costs. It would not be possible to
perform a blinded study as patients and healthcare providers
would evidently notice with which group of NIV delivery
they were interacting. However, the bias of not being blinded
is unlikely to affect results due to the presence of objective
indications for intubation and progression of respiratory
illness. Also this study’s costing methods do not incorporate
major cost drivers such as extracorporeal membrane oxy-
genation (ECMO) or renal replacement therapy, which may
be seen in severe cases of ARDS.

It is noteworthy that the majority of costs in the ICU are
fixed. An intervention such as the use of helmet NIV in
ARDS has the potential to decrease direct-variable ICU

Table 1: Outcomes and adverse events in the Patel et al. [7] study.

Face mask (n� 39) Helmet (n� 44) Absolute difference (95% CI) p value
Primary outcomes, n (%)
Endotracheal intubation 24 (61.5) 8 (18.2) −43.3 (−62.4 to −24.3) <0.001

Reason for intubation
Respiratory failure 20 (83.3) 3 (37.5) −45.3 (−82.5 to −9.1) 0.01
Circulatory failure 3 (12.5) 0 (0) −12.5 (−25.7 to 0.7) 0.55
Neurologic failure 1 (4.2) 5 (62.5) 58.3 (24.8 to 92.8) 0.001

Secondary outcomes, median (IQR), days
Ventilator-free days 12.5 (0.49 to 28) 28 (13.7 to 28) 8.4 (13.4 to 3.4) <0.001
ICU LOS 7.8 (3.9 to 13.8) 4.7 (2.5 to 8.7) −2.76 (−6.07 to 0.54) 0.04
Hospital LOS 15.2 (7.8 to 19.7) 10.1 (6.5 to 15.9) −2.92 (−8.47 to 2.63) 0.16
Mortality, n (%)
Hospital 19 (48.7) 12 (27.3) −21.4 (−41.9 to −1.0) 0.04
90 days 22 (56.4) 15 (34.1) −22.3 (−43.3 to −1.4) 0.02

Adverse events
Mask deflation 0 (0) 2 (4.5)
Skin ulceration 3 (7.6) 3 (6.8)

Table 2: Cost analysis of ARDS population treated with NIV in the Patel et al. [7] study (95% CI) per patient.

Face mask (n� 39) Helmet (n� 44) Absolute difference (95% CI)
ICU LOS (days) 7.8 (3.9–13.8) 4.7 (2.5–8.7) —
ICU cost (US dollars) 10773 8246 2527 (2251–2817)
Hospital LOS (days) 15.2 (7.8–19.7) 10.1 (6.5–15.9) —
Hospital cost (US dollars) 12938 9835 3103 (2829–3392)
Total direct-variable cost for cohort (US dollars) 504582 432740 71842 (69895–73740)

Table 3: Sensitivity analysis assuming variability in ICU LOS in different NIV study groups.

ICU costs (US dollars) Hospital costs (US dollars)
Face
mask Helmet Absolute

difference
Face
mask Helmet Absolute

difference

Change in ICU LOS (days) Affected study
population

+1
Face mask 11588 8246 3342 13765 9835 3930
Helmet 10773 9061 1712 12938 10650 2288

Face mask and helmet 11588 9061 2527 13765 10650 3115

−1
Face mask 9958 8246 1712 12135 9835 2300
Helmet 10773 7380 3393 12938 8968 3970

Face mask and helmet 9958 7380 2578 12135 8968 3167
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costs, which usually account for 20% of yearly ICU expenses.
Savings in direct-variable costs would create opportunities
to fund other initiatives such as early mobility, which has
been shown to increase ventilator-free days and functional
outcomes as well as decreasing LOS [19–22].

5. Conclusion

)e use of the helmet NIV interface, when compared to the
face mask interface in the management of nonintubated
patients with ARDS, reduces intubation rates and mortality,
as well as ICU and hospital costs. )e savings from such an
intervention are potentially immense from a national
standpoint, and they represent an opportunity to re-
distribute direct-variable ICU funds to other evidence-based
beneficial therapies, such as early mobility initiatives.

Future studies could conduct a cost-effectiveness anal-
ysis comparing cost and health outcomes associated with
each NIV interface. Cost-effectiveness analyses are crucial to
minimize preventable expenses and ensure sustainability in
the health sector, an ever-growing need in today’s climate.
)ese analyses could be incorporated in large-scale trials
looking at new interventions and clinical guideline devel-
opment by focusing on cost effectiveness. )ey could also be
integrated in the comparison of two or more therapies with
already established benefits for the same disease or syn-
drome. A relevant example is that of the comparison of
outcomes and costs associated with the use of helmet NIV
and high-flow nasal oxygen in acute hypoxic respiratory
failure. )ose potential studies would enrich this domain of
research even further and contribute to build a more sus-
tainable healthcare system for aging populations.
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the article and Kednapa )avorn performed analysis.
Dipayan Chaudhuri and Daniel Kobewka contributed in
press and manuscript development.

Acknowledgments

)e authors acknowledge the work done by Patel, Wolfe,
Pohlman, Hall, and Kress in the original study used for
analysis of cost benefits.

References

[1] N. A. Halpern, D. A. Goldman, K. S. Tan, and S. M. Pastores,
“Trends in critical care beds and use among population groups
and medicare and medicaid beneficiaries in the United States:

2000–2010,” Critical Care Medicine, vol. 44, no. 8, pp. 1490–
1499, 2016.

[2] N. A. Halpern and S. M. Pastores, “Critical care medicine in
the United States 2000–2005: an analysis of bed numbers,
occupancy rates, payer mix, and costs,” Critical Care Medi-
cine, vol. 38, no. 1, pp. 65–71, 2010.

[3] E. B. Milbrandt, A. Kersten, M. T. Rahim et al., “Growth of
intensive care unit resource use and its estimated cost in
medicare,” Critical Care Medicine, vol. 36, no. 9, pp. 2504–
2510, 2008.

[4] J. M. Kahn and D. C. Angus, “Reducing the cost of critical
care: new challenges, new solutions,” American Journal of
Respiratory and Critical Care Medicine, vol. 174, no. 11,
pp. 1167-1168, 2006.

[5] A. S. Detsky and I. G. Naglie, “A clinician’s guide to cost-
effectiveness analysis,” Annals of Internal Medicine, vol. 113,
no. 2, pp. 147–154, 1990.

[6] G. Bellani, J. G. Laffey, T. Pham et al., “Epidemiology, patterns
of care, and mortality for patients with acute respiratory
distress syndrome in intensive care units in 50 countries,”
JAMA, vol. 315, no. 8, pp. 788–800, 2016.

[7] B. K. Patel, K. S. Wolfe, A. S. Pohlman, J. B. Hall, and
J. P. Kress, “Effect of noninvasive ventilation delivered by
helmet vs. face mask on the rate of endotracheal intubation in
patients with acute respiratory distress syndrome: a ran-
domized clinical trial,” JAMA, vol. 315, no. 22, pp. 2435–2441,
2016.

[8] A. W. )ille, D. Contou, C. Fragnoli et al., “Non-invasive
ventilation for acute hypoxemic respiratory failure: intubation
rate and risk factors,” Critical Care, vol. 17, no. 6, p. R269,
2013.

[9] American )oracic Society and Infectious Diseases Society of
America, “Management of adults with hospital-acquired and
ventilator-associated pneumonia: 2016 Clinical Practice
Guidelines by the Infectious Diseases Society of America and
the American )oracic Society,” Clinical Infectious Diseases,
vol. 63, no. 5, pp. e61–e111, 2016.

[10] E. W. Ely, A. Shintani, B. Truman et al., “Delirium as a pre-
dictor of mortality in mechanically ventilated patients in the
intensive care unit,” JAMA, vol. 291, no. 14, pp. 1753–1762,
2004.

[11] J. P. Kress and J. B. Hall, “ICU-acquired weakness and re-
covery from critical illness,”New England Journal of Medicine,
vol. 370, no. 17, pp. 1626–1635, 2014.

[12] T. Principi, S. Pantanetti, F. Catani et al., “Noninvasive
continuous positive airway pressure delivered by helmet in
hematological malignancy patients with hypoxemic acute
respiratory failure,” Intensive Care Medicine, vol. 30, no. 1,
pp. 147–150, 2004.

[13] E. Rodriguez, P. J. Papadakos, M. Carron, R. Cosentini, and
D. Chiumello, “Clinical review: helmet and non-invasive
mechanical ventilation in critically ill patients,” Critical
Care, vol. 17, no. 2, p. 223, 2013.

[14] R. K. Lord, C. R. Mayhew, R. Korupolu et al., “ICU early
physical rehabilitation programs: financial modeling of cost
savings,” Critical Care Medicine, vol. 41, no. 3, pp. 717–724,
2013.

[15] J. M. Kahn, G. D. Rubenfeld, J. Rohrbach, and B. D. Fuchs,
“Cost savings attributable to reductions in intensive care unit
length of stay for mechanically ventilated patients,” Medical
Care, vol. 46, no. 12, pp. 1226–1233, 2008.

[16] M. Crawford, J. Church, and B. Akin, Consumer Price Index
Detailed Report Data for June 2016, Bureau of Labor Statistics,
Washington, DC, USA, 2016, http://www.bls.gov/cpi/#publications.

4 Canadian Respiratory Journal

 7503, 2018, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/2018/6518572 by C

ochraneItalia, W
iley O

nline L
ibrary on [29/12/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://www.bls.gov/cpi/#publications


[17] G. Landoni, M. Comis, M. Conte et al., “Mortality in mul-
ticenter critical care trials: an analysis of interventions with
a significant effect,” Critical Care Medicine, vol. 43, no. 8,
pp. 1559–1568, 2015.

[18] M. L. Barrett, M. W. Smith, A. Elixhauser, L. S. Honigman,
and J. M. Pines, Utilization of Intensive Care Services, 2011.
Healthcare Cost and Utilization Project, 2014, http://hcup-us.
ahrq.gov/reports/statbriefs/sb185-Hospital-Intensive-Care-
Units-2011.jsp.

[19] W. D. Schweickert, M. C. Pohlman, A. S. Pohlman et al.,
“Early physical and occupational therapy in mechanically
ventilated, critically ill patients: a randomised controlled
trial,” 'e Lancet, vol. 373, no. 9678, pp. 1874–1882, 2009.

[20] Z. Li, X. Peng, B. Zhu, Y. Zhang, and X. Xi, “Active mobi-
lization for mechanically ventilated patients: a systematic
review,” Archives of Physical Medicine and Rehabilitation,
vol. 94, no. 3, pp. 551–561, 2013.

[21] J. Adler and D. Malone, “Early mobilization in the intensive
care unit: a systematic review,” Cardiopulmonary Physical
'erapy Journal, vol. 23, no. 1, pp. 5–13, 2012.

[22] M. Malkoc, D. Karadibak, and Y. Yildirim, “)e effect of
physiotherapy on ventilatory dependency and the length of
stay in an intensive care unit,” International Journal of Re-
habilitation Research, vol. 32, no. 1, pp. 85–88, 2009.

Canadian Respiratory Journal 5

 7503, 2018, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/2018/6518572 by C

ochraneItalia, W
iley O

nline L
ibrary on [29/12/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://hcup-us.ahrq.gov/reports/statbriefs/sb185-Hospital-Intensive-Care-Units-2011.jsp
http://hcup-us.ahrq.gov/reports/statbriefs/sb185-Hospital-Intensive-Care-Units-2011.jsp
http://hcup-us.ahrq.gov/reports/statbriefs/sb185-Hospital-Intensive-Care-Units-2011.jsp



