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Background
A recent single-centre trial found that non-invasive ventilation (NIV) delivered by a helmet interface in patients with acute respiratory distress syndrome (ARDS) was associated with fewer treatment failures (intubation) and lower mortality compared to NIV delivered by facemask [1].  The mechanism accounting for this apparent benefit is uncertain.

Methods
During routine clinical care of two patients with acute hypoxemic respiratory failure, we used electrical impedance tomography to monitor ventilation while transitioning from facemask NIV to helmet NIV, with the goal of avoiding intubation. EIT is a non-invasive imaging technique that permits visualization of lung volumes and the distribution of ventilation. Its high temporal resolution can detect rapid changes in lung volume during tidal ventilation and during adjustments to ventilator settings [2].
 
EIT signals were recorded while the patients were ventilated on facemask NIV. We then exchanged the mask interface for a helmet interface, resuming ventilation at the same inspiratory and expiratory positive airway pressure (IPAP, EPAP) settings. Global and regional end-expiratory lung impedance (EELI) and tidal impedance variation (TIV) were recorded throughout. Changes in end-expiratory lung volume (EELV) were computed as previously described [3].

Results
In both patients, transition from face mask to helmet NIV was associated with a significant increase in EELI, predominantly in the ventral lung regions. These changes in EELI were consistent with increases in EELV of approximately 690 ml (800% increase in EELV above FRC) and approximately 320 ml (130% increase in EELV above FRC) respectively (Table E1). Tidal impedance variation was redistributed dorsally in the second patient, consistent with recruitment of previously non-ventilated lung regions. SaO2 improved and FiO2 requirements decreased on helmet NIV compared to facemask (Table E1). The first patient required intubation; The second patient recovered after 24 hours on helmet NIV. Both were eventually discharged to the ward.

Conclusion
In summary, we observed that helmet NIV interface was associated with higher end-expiratory lung volumes compared to face mask NIV, even though NIV settings were unchanged. This effect—and the potential lung recruitment accrued in consequence—might explain the apparent benefit of helmet NIV observed in a recent randomized trial [1]. The mechanism accounting for the increase in lung volume is unclear; it could be attributed to either a reduction in leak or a reduction in expiratory muscle activation. Studies are required to confirm this clinical finding and to delineate the responsible mechanisms.	
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Table 1. Lung volumes and distribution of ventilation under facemask and helmet NIV
	
	PATIENT 1
	PATIENT 2

	Clinical History
	61 yr old female with metastatic small cell lung cancer admitted to the ICU for sepsis and acute hypoxemic respiratory failure
	69 yr old female with acute myelogenous leukemia admitted to ICU for hypoxemic respiratory failure

	Physiological Parameters
	Facemask NIV
	Transition 
(no NIV)
	Helmet NIV
	Facemask NIV
	Transition 
(no NIV)
	Helmet NIV

	Ventilator
	Draeger V500
	n/a
	Draeger V500
	Philips BiPap Vision
	n/a
	Draeger V500

	NIV Setting (IPAP/EPAP)
	12/8
	n/a
	12/8
	10/8
	n/a
	10/8

	Recorded tidal volume (ml)
	392
	n/a
	n/a
	375
	n/a
	n/a

	End-expiratory lung impedance (mean over 60 seconds)
	550
	234
	3022
	3623
	1956
	5203

	End-expiratory lung volume above FRC, computed (ml)*
	88
	n/a
	778
	253
	0
	574

	Tidal impedance variation (mean)
	1404
	773
	1163
	2123
	1724
	2564

	Tidal volume (estimated)
	392
	216
	325
	375
	310
	462

	% of tidal impedance in variation in dorsal lung region
	56%
	50%
	57%
	45%
	42%
	57%

	Respiratory rate
	24
	31
	25
	33
	32
	34

	Peripheral oxygen saturation
	92%
	n/a
	96%
	93%
	n/a
	95%

	Set FiO2
	0.55
	n/a
	0.4
	0.5
	n/a
	0.4


*Differences in end-expiratory lung volume were estimated by multiplying the change in end-expiratory lung impedance by the ratio of tidal volume:tidal impedance variation; patients were assumed to be at or near FRC (functional residual capacity) during the transition period where they were not ventilated between removal of the facemask and application of the helmet



