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Abstract

The prevalence of obesity is increasing in the United States and worldwide. Obesity is associated with prolonged
hospital and Intensive Care Unit length of stays, and prolonged duration of mechanical ventilation (MV). The
difficulty of oxygenation and ventilation in obesity is influenced by altered respiratory physiology. There is no mode of
ventilation shown to improve morbidity or mortality in the obese population, nor is there a superior rescue ventilation
mode when patients fail conventional MV. We present a series of obese and severely obese patients who improved
with high frequency percussive ventilation (HFPV) delivered by Volumetric Diffusive Respirator (VDR) after failing
conventional MV.

We performed a retrospective chart review of obese and severely obese patients admitted over 12 months
period to our institution’s medical ICU requiring MV. Patients with a body mass index (BMI) >30 kg/m2 that failed
conventional MV were included. Failure was defined as PaO2 / FiO2 ratio <0.6 on high positive end expiratory
pressure (PEEP) >16 cmH20 or plateau pressure >40 cmH20 to maintain a PaO2/FiO2 ratio >0.6.

Five patients met our inclusion criteria with BMI between 34.2 and 48.58 kg/m2 (mean BMI 39.49 kg/m2). The
mean PaO2 and PEEP were 68 mmHg and 18.8 cmH20 respectively, prior to transition to VDR. Arterial blood gas
analysis within 60 minutes of transitioning to VDR showed a mean PaO2 298.4 mmHg. All patients were successfully
transitioned back to conventional mode, mean time on VDR 50.3 hours, with eventual liberation from mechanical
ventilation.

Our case series showing rapid improvement in ventilation and oxygenation in morbidly obese patients suggest

an option for its use as a rescue modality when conventional ventilation fails in obese population.
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Introduction

As a consequence of the rise in rate of obesity (Body Mass Index
(BMI) >30 kg/m?) and morbid obesity (BMI>40 kg/m?*) across
the United States and around the world, approximately 20% of the
patients admitted to the intensive care unit (ICU) are obese [1]. Health
care workers and systems face a major burden of caring for these
patients admitted to hospitals and intensive care units. The current
knowledge base insufficiently addresses the challenges particular to
morbidly obese patients admitted to ICU with acute respiratory failure
requiring mechanical ventilation. Changes imposed by alterations in
thoraco-abdominal compliance and gas exchange might predispose
obese patients to respiratory failure and could affect the response to
therapeutic measures. The most significant change in pulmonary
mechanics seen in obesity is a decrease in pulmonary compliance
which has been attributed to one of several factors: fatty infiltration
of the chest wall, increased pulmonary blood volume, and extrinsic
compression of the thoracic cage by weight from excess soft tissue [2-
4]. In addition, respiratory resistance has been shown to be increased in
obese subjects [4,5]. The above described peculiarities frequently pose
additional challenge in managing obese and morbidly obese patients
requiring mechanical ventilation for acute respiratory failure. When
conventional mode of mechanical ventilation is not meeting the goals
patients may be considered for a rescue therapy such as extracorporeal
membrane oxygenation that may be exceedingly risky for this
population. High-Frequency Percussive Ventilation (HFPV) has been

reported to be of benefit in patients that have failed conventional
mechanical ventilation. HFPV was developed in the early 1980s by
Forrest Bird and was approved for patient use by the US Food and Drug
Administration in 1993. It has been mostly reported in the literature
as a ventilation mode used for inhalational injury and burns as well as
in the pediatric and neonate population with acute respiratory failure
[6-8]. HFPV is a flow regulated, pressure limited, and time cycled
ventilator mode which delivers a series of high frequency (200-900
cycles/min) subtidal volumes in a successive stepwise pattern which
results in the formation of low frequency convective pressure limited
breathing cycles (Figure 1) [9]. A Volumetric Diffusion Respirator
(VDR) provides this mode of ventilation. HFPV delivers biphasic
percussions, which aid in lung recruitment by creating an oscillatory
functional residual capacity (FRC) during the expiration resulting in
improved gas diffusion. Multiple theories regarding the mechanism for
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Figure 1: Interface for HFPV.

gas exchange have been postulated; however no single well-accepted
theory exists. The VDR instantaneously adapts to changes in lung
compliance and airway resistance resulting in reduced mean airway
pressures. HFPV improves mucous clearance by directly creating a
vibratory effect from successive pressure peaks on bronchial mucosa,
by creating the autocephalad flow of gas within the airways and by
enhancing mucociliary clearance via elevated flow with percussion
[10,11]. HFPV is also beneficial in recruiting atelectatic lung areas.

The studies evaluating HFPV, however, are few in number and
nonrandomized [12] found that when 7 patients were changed from
conventional mechanical ventilation and high PEEP to HFPV at the
same level of airway pressure and FiO,, the PaO, improved significantly.
In a recent RCT [2] compared HFPV and low tidal volume ventilation-
based strategies in burn patients with respiratory failure. In the HFPV
arm, 12 (39%) of the 31 compared to 14 (45%) of the 31 patients in
the low tidal volume group had ALI/ARDS. The investigators found
no significant difference between the two groups in primary outcome-
mean ventilator free days. There was also no significant difference
in secondary outcomes such as, 28-day mortality, days free from
non-pulmonary organ failure, ventilator associated pneumonia, and
barotrauma. On subgroup analysis, there was significant difference
in the need for rescue modality 29% (nine patients) vs 6% (two
patients) in the low tidal volume vs HFPV groups respectively. The
authors concluded by saying HFPV results in similar outcomes when
compared with a low-tidal volume ventilation-based strategy in burn
patients with respiratory failure. However, low-tidal volume ventilation
strategy failed to achieve ventilation and oxygenation goals in a higher
percentage necessitating rescue ventilation.

Several other authors have reported their experience with HFPV
in non-inhalational respiratory failure in pediatric patients [3], in
pediatric inhalational injury requiring extracorporeal life support [13],
and in adults with ARDS who failed CMV [14].

We describe a series of 5 obese and morbidly obese medical patients
managed with HFPV delivered by VDR in the Medical ICU team at
New York Presbyterian Brooklyn Methodist Hospital over the course
of one year after they failed conventional mechanical ventilation
(Table 1). Our institution accumulated experience with use of HFPV
delivered by VDR as method of ventilation for patients after cardiac
surgery who failed mechanical conventional ventilation as well
as intermediate modality prior to consideration of extracorporeal
membrane oxygenation [15,16]. Our institution has standardized the
use of HFPV as an alternative ventilation strategy in adults. In our
center use of HFPV is reserved for patients who fail conventional
ventilation and decision to transition patient to this mode is made
by a multidisciplinary team consistent of an intensivist caring for the
patient and adequately trained senior respiratory therapist assigned to
the patient.

Case Study

Case 1: 50-year-old male with a BMI 39.80 without major
medical history admitted for methadone overdose. He was intubated
on presentation due to inability to protect his airways due to altered
consciousness. He was placed on conventional mechanical ventilation,
pressure regulated volume control (PRVC), with initial settings of Tidal
Volume(TV) 550 mls, respiratory rate (RR) 18 breath per minute (BPM),
FiO, of 60% and positive end expiratory pressure (PEEP) 5 cmH,O. His
initial arterial blood gas (ABG) demonstrated acute respiratory failure
with hypoxemia, PaO, 85 mmHg. During his admission to the ICU, his
FiO, and PEEP requirements continued to increase and on Day 10 of
his admission while on PRVC with FiO, 100% and PEEP 20 cmH,O his
ABG was still suboptimal with PaO, 79 mmHg and evidence of reduced
lung compliance. He was transitioned to VDR with initial settings of
FiO, 100%, Percussive Rate (PR) 590/min, oscillary CPAP 18, and a
convective rate of 15. His ABG after 1 hour on VDR demonstrated
marked improvement with PaO, 431 mmHg. He continued to have
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. Cause of respiratory | Type of respiratory Time to Pre-HFPV pO2 | 1 h post-HFPV Time on
Patient failure failure Age  Gender | BMIkg/m2 HFPV (days) (mm Hg) pO2(mmHg) HFPV (hrs) Outcome
1 Methadone Overdose Hypoxemic 50 M 39.8 10 79 431 48.5 Alive
Laparotomy for
2 Necrotizing Soft Tissue Hypoxemic 37 M 37.5 3 45 208 39 Alive
Infection
Hypoxemic and .
3 Asthma and OHS hypercapnic 38 F 34.2 4 54 171 88 Alive
Septic Shock and . .
Acute Renal Failure Hypoxemic 30 M 48.58 8 68 350 64 Alive
5 Pneumonia Hypoxemic 40 F 37.8 1 94, PPI>40 cm 332 12 Alive
Table 1: Patients characteristics before and after HFPV use.

decreasing FiO, requirement and was transitioned back to conventional
mechanical ventilation (PRVC) on Day 13and subsequently extubated
on Day 16 to non-invasive positive pressure ventilation and transitioned
to general medical floor. He was ultimately discharged on Day 28.

Case 2: 38-year-old male with a BMI 37.05 and no past medical
history admitted for intra-abdominal free air and taken to the operating
room for an exploratory laparotomy that revealed a necrotizing
infection of the soft tissue. Post procedure, he remained intubated
and on mechanical ventilation PRVC with settings TV 460 mls, RR 25
bpm, FiO, 50%, PEEP 5 cmH,O. He underwent a second laparotomy
on Day 3 for a supralevator abscess drainage and abdominal washout.
Upon returning from the OR, he was found to be hypoxemic despite
conventional ventilation on PRVC mode with FiO, 100%, PEEP 20
cmH,0O, with subsequent ABG demonstrating severe hypoxemia with
PaO, 45 mmHg. He was placed on VDR with initial settings of FiO,
100%, Percussive Rate 600/min, Oscillary CPAP 18, and a convective
rate of 15. His ABG after 1 hour on VDR demonstrated PaO, of 208
mmHg. He continued to have decreasing FiO, requirements and was
transitioned back to conventional mechanical ventilation (PRVC) on
Day 5 and was extubated on Day 9 without complications.

Case 3: 38-year-old female with a BMI 34.20 with past history of
asthma, obesity hypoventilation syndrome (OHS), tracheostomy with
reversal presented with acute hypoxemic respiratory failure requiring
intubation and mechanical ventilation with PRVC mode. During her
ICU course, she continued to require high FiO, and High PEEP and
on Day 4 her ABG still showed hypoxemia with PaO2 54 mmHg, on
PRVC with, FiO, 100%, PEEP 18 cmH,O. She was transitioned to VDR
with initial settings FiO, 100%, Percussive Rate 600/min, Oscillary
CPAP 22, and Convective Rate 15. Her subsequent ABG 1 hour later
demonstrated PaO, 171 mmHg. She continued to have decreasing FiO,
and PEEP requirements, her ventilation also improved, on Day 9 she
was transitioned to conventional mechanical ventilation (PRVC). She
eventually required surgical tracheostomy placed on Day 14, however,
continued to undergo daily weaning trials. On Day 26, she was
transitioned to trach collar and was subsequently discharged.

Case 4: A. 30-year-old male with BMI 48.58 and a past history
of asthma, schizoaffective disorder, hypertension, and diabetes
mellitus type II presented for septic shock and acute renal failure. On
Day 5 he developed respiratory failure, was intubated and placed on
conventional mechanical ventilation, PRVC mode. Post intubation he
continued to require high PEEP and FiO, to maintain oxygenation.
On Day 8 he still demonstrated very marginal oxygenation with PaO,
68 mmHg on PRVC TV 460 mls, RR 26 bpm, FiO, 100%, PEEP 16
cmH,0. He was placed on VDR with initial settings FiO, 100%,
Percussive Rate 595/min, Oscillary CPAP 14, and convective rate 15
and his subsequent ABG 1 hour later showed PaO, 350 mmHg. He was
transitioned to conventional ventilation on Day 9, however became

hypoxic and required re-initiation of VDR on Day 10. On Day 11, he
was transitioned back to conventional ventilation and extubated on Day
16 without complication.

Case 5: 40-year-old female with BMI 37.8 and a past history of OHS,
obstructive sleep apnea (OSA) on CPAP, and tracheostomy for ARDS 3
years prior with reversal presented with hypoxic respiratory failure due
to pneumonia. She was initially placed on high flow oxygen without
improvement in oxygenation and required intubation and mechanical
ventilation on Day 2. Post intubation on conventional mechanical
ventilation, PRVC, with FiO, 100%, PEEP 20 cmH,0 her PaO, was
94, however she had poor lung compliance, and plateau pressures
(PPI) were persistently elevated over 40cmH,O. She was transitioned
to VDR with initial settings FiO, 100%, Percussive Rate 600/min,
Oscillary CPAP 14, and convective rate 15 and her subsequent ABG 45
minutes later showed PaO, 332 mmHg. Her FiO, was gradually down-
titrated and she was transitioned back to PRVC. Her FiO, and PEEP
were titrated down and she was eventually weaned of the ventilator and
successfully extubated.

Discussion and Review of Literature

The prevalence of obesity (BMI between 30 and 39.9 kg/m?) and
severe obesity (BMI > 40 kg/m?) has been increasing in the United
States. Between 2007 and 2008, 32.2% of American men and 35.5% of
American women were found to be obese [17]. There is controversy
among the data regarding outcomes for obese and severely obese
patients as numerous studies have demonstrated that these patients
have longer ICU and hospital length of stays, as well as duration of
mechanical ventilation [18-23], but on the other hand several studies
have found that obese and severely obese patients may have lower
hospital and ICU mortality rates than normal-weight patients [24,25].
It appears that although obesity is not necessarily associated with
increased mortality in ICU patients, it is associated with longer ICU
length of stay, and duration of mechanical ventilation.

Obesity alone significantly alters respiratory physiology, which
contributes to the difficulty of oxygenation and ventilation in patients
with acute respiratory failure. The most significant change in obese
patients is a decrease in pulmonary compliance, which is attributable
to fatty infiltration of the chest wall, increased blood flow through
pulmonary vasculature, as well as chest wall compression from
excessive fat [26,27]. In obese as compared to normal weight subjects
there is increased respiratory rate ranging from (15.3-21 vs. 10-12
breaths per minute), significantly lower tidal volumes and increased
minute ventilation that shown to be 11 L/min or greater in most studies
[28-30]. Sampson showed that there is a decrease in inspiratory time
without a significant change in expiratory time and no change in mean
inspiratory flow in obese subjects [29]. Decrease in inspiratory time
may result from increased activity of chest wall receptors, whereas
decrease in expiratory time could result from reduced respiratory
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compliance or persistent diaphragmatic activity extending into
exhalation phase. Obese patients also tend to be more hypoxemic than
non-obese patients with a widened alveolar-arterial oxygen gradient
caused by ventilation-perfusion mismatching [31,32]. Zhi described
“Obesity Paradox” in acute respiratory distress syndrome (ARDS)
in meta-analysis reviewing data from 24 studies including over nine
thousands patients demonstrating that although obesity was associated
with increased risk of development of ARDS it was also correlated
with reduced ARDS mortality [33]. Zhi proposed that obesity may be
“primed” for the development of ARDS, but the innate immunity and
the inflammatory response may be attenuated due to obesity associated
reduced levels of proinflammatory cytokines (IL-6, IL-8) and surfactant
protein D (marker for alveolar injury) [34].

To date, there is no particular mode of ventilation to improve
mortality or morbidity in intubated obese and morbidly obese patients.
In a meta-analysis of thirteen studies analyzing ventilation strategies
in obese patients undergoing surgery Aldenkortt looked for evidence
of effective strategies for intraoperative ventilator management in this
population [35]. They reported on a variety of ventilation strategies:
pressure- or volume-controlled ventilation (PC, VCV), various tidal
volumes, and different PEEP or recruitment maneuvers (RM), and
combinations of thereof and found no difference in the outcomes
when comparing pressure-controlled and volume-controlled modes
of ventilation. The studies reviewed demonstrated that RM with PEEP
maintained better intraoperative oxygenation and lung compliance
compared with PEEP alone.

A more recent literature review by Hu [36] compared multiple
ventilation strategies in obese patients undergoing bariatric surgery.
Eight strategies were reviewed: RM alone, PEEP alone, RM plus PEEP,
induction PEEP, induction PEEP plus intraoperative RM and PEEP,
pressure control ventilation (PCV), volume control ventilation (VCV),
and equal ratio ventilation. Similar to Aldenkortt consistent positive
effects on oxygenation were seen when a recruitment maneuver was
immediately followed by PEEP. Talab [37] compared 2 different
PEEP levels preceded by the same recruitment maneuver in obese
patients undergoing bariatric surgery and found PEEP of 10cmH,O
to be effective at maintaining the recruitment benefit compared to a
PEEP of 5cmH,O. There were no differences found between modes of
ventilation used.

Despite growing body of literature there is still no clear
understanding of the optimal way to ventilate obese and morbidly obese
patients. Even less clarity exists on strategies that could be beneficial
for these patients when they fail conventional mechanical ventilation.
Novel nonconventional modes of ventilation including volume-assured
pressure support (VAPS), adaptive support ventilation (ASV), airway
pressure release ventilation (APRV), and neurally adjusted ventilatory
assist (NAVA) [38-41] have been described for various etiologies
of respiratory failure leading to ARDS, however, none has a proven
mortality benefit over conventional modes of ventilation for obese and
non-obese patients.

In our prospective observation series of obese and morbidly obese
patients with ARDS who failed conventional mode of mechanical
ventilation, HFPV delivered via VDR improved both oxygenation as
well as CO, washout within 1 hour of transitioning to the latter mode.
We believe that HFPV eliminated the need for use of supra high PEEP
and high FiO, in attempt to overcome reduced chest compliance in
obese and morbidly obese patients therefore preventing continuous
lung injury due to over distention. Our case series showing rapid
improvement in ventilation and oxygenation in morbidly obese patients

suggests an option for its use as a rescue modality when conventional
ventilation fails in obese population. Our data are limited by a small
sample size as well as observational nature, however, safety of HFPV
along with accumulated experience and proper use protocol carries a
potential for wider application in proper clinical settings.
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