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‘ W) Check for updates‘

High frequency percussive ventilation as a rescue mode for refractory status

asthmaticus - a case study

David Albecker, Bs, RRT, RPFT, T. Glen Bouder, mp, and B. Franklin Lewis, MD

Winchester Medical Center, Winchester, VA, USA

ABSTRACT

Introduction: A severe asthma exacerbation is called status asthmaticus when symptoms
worsen despite conventional medical treatment in the hospital. If arterial blood gas (ABG)
values deteriorate and this is accompanied by respiratory muscle fatigue, the patient will
require mechanical ventilation. However, mechanical ventilation of the severe asthmatic
presents difficult challenges.

Case Study: We report on High Frequency Percussive Ventilation (HFPV) used along with
continuous inhaled albuterol and neuromuscular blockade, as rescue therapy for a case of
acute, severe asthma that was refractory to conventional treatment and conventional mech-
anical ventilation.

Results: This patient’s arterial pH was 6.97 when we initiated HFPV, but ten hours post-
intubation her ABG values normalized. She was successfully extubated six days later and dis-
charged from ICU the following day.

Conclusion: This case describes the successful use of HFPV for a status asthmaticus patient
failing conventional mechanical ventilation. We have anecdotal evidence of other medical
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centers using HFPV for these patients but larger studies are needed to verify its efficacy.

Introduction

Acute exacerbation of asthma is a common reason for
an Emergency Department visit. If symptoms worsen,
despite conventional medical treatment in the hos-
pital, the case is referred to as status asthmaticus
which is a medical emergency that can be life threat-
ening (1). If the patient’s arterial blood gas values
deteriorate dangerously and this is accompanied by
respiratory muscle fatigue, the patient will require
mechanical ventilation. However, mechanical ventila-
tion of the severe asthmatic presents difficult chal-
lenges. We report on High Frequency Percussive
Ventilation used along with continuous inhaled albu-
terol, and neuromuscular blockade, as rescue therapy
for a case of acute severe asthma that was refractory
to conventional treatment and conventional mechan-
ical ventilation.

Case study

A thirty three year old woman with a history of
asthma presented in our Emergency Department with
an asthma exacerbation that she could not manage

using her home treatment regimen in mid-morning
on August 8" She was immediately treated with
inhaled albuterol/ipratropium aerosols, prednisone
oral tablets, and low-flow oxygen through a nasal can-
nula. She was noted to be tachycardic and afebrile,
with bilateral inspiratory and expiratory wheezes.
ABG showed mild acidosis and mild hypoxemia.
Noninvasive mask BiPAP along with intravenous cor-
ticosteroids were started in response to worsening
tachypnea, wheezing, and shortness of breath.

She was transferred to the ICU in the early evening
of August 8. Endotracheal intubation was performed
due to worsening ABG, diffuse wheezing, and respira-
tory muscle fatigue. A Drager V-500 ventilator in the
Volume Control-Assist Control (VC-AC) mode was
started with a tidal volume of 6ml/kg ideal body
weight (see Table 1 for ventilator settings and ABG
values). The ventilator was high-pressure limiting with
exhaled tidal volumes between 70 and 100ml within
minutes of initiation. A short trial on the Pressure
Control mode was equally unsuccessful. She was taken
off the Drager V-500 and manually ventilated. It was
noted that she had an extremely long expiratory
phase. A Percussionaire VDR®-4 ventilator in the
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Table 1. Ventilator settings and ABG values.

8/8 8/8 8/8 8/8 8/9 8/9 8/9 8/9 8/9  8/10 8/10 8/11 8/12
Date/Time 1857 1916 1956 2217 0104 0208 0453 1547 2008 0521 1355 1020 0350
Vent Man.Resus® VDR VDR VDR VDR VDR VDR VDR VDR VDR Drager V-500 Drager V-500 Drager V-500
Mode HFPV  HFPV  HFPV HFPV HFPV HFPV HFPV HFPV HFPV  VC-AC VC-AC VC-AC
HF Rate’ 600 500 450 450 450 450 450 450 500
Conv. Pressure? 0 10 10 10 8 0 0 0 0
I-Time® 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 0.9 0.9 0.9
E-Time* 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
PIP® 34 34 34 34 34 40 35 32 28
FiO,® 1.0 0.5 05 0.6 0.6 0.5 0.4 0.4 0.4 0.4 0.4 0.4 03
PEEP 10 3 3 3 3 8 8 8 8 8 8 8
Tidal Vol.” 330 330 330
Resp. Rate® 15 15 15 15 15 15 15 15 15 20 18 18
ABG pH 7.07 697 705 77 726 729 735 745 748 738 733 7.34 7.40
pCO, 84 101 82 61 39 36 32 29 26 39 39 46 43
pO, 499 151 62 108 204 135 138 141 144 140 75 88 72
HCO, 24 23 23 22 17 17 18 21 20 23 21 25 27
Sa0, % 100 97 80 9% 100 99 99 99 100 100 94 9% 94

1 - HF Rate = high frequency rate in cycles per minute.

2 - Conv. Pressure = convective pressure rise above PIP in cm H,0.
3 - |-Time = inspiratory time in seconds.

4 - E-Time = expiratory time in seconds.

5 - PIP =peak inspiratory pressure in cm H,0.

6 - FiO, = fractional inspired oxygen.

7 - Tidal Vol. = tidal volume in mls.

8 - Resp. Rate = set respiratory rate per minute (for the VDR®-4, it's [60/(I-Time plus E-Time)]).
9 — Man. Resus. = manual resuscitation bag attached to the endotracheal tube after endotracheal intubation.

HFPV mode was then started. Her blood pressure at
that time was 89/56 mm Hg with a heart rate of 133/
min. Her pH on ABG was 6.97 and she had severe
bilateral  inspiratory and expiratory = wheezes.
Extracorporeal Membrane Oxygenation (ECMO) was
being considered for CO, clearance.

After the VDR®-4 ventilator was initiated, a
Ketamine infusion was added primarily for the bron-
chodilator effect. A continuous albuterol aerosol was
also started at 12mg/hr and delivered through the
entrainment port of the VDR®-4 phasitron. After
adequate pain management and sedation were estab-
lished, neuromuscular blockade was initiated in order
to better ventilate and manage her care.

At approximately 3am on August 9, the decision
was made to stop the paralytic, but she was noted to
be coughing uncontrollably and fighting the VDR®-4
ventilator so the paralytic was restarted. She stabilized
somewhat overnight on the VDR®-4 with a continu-
ous albuterol aerosol and a paralytic. The paralytic
was successfully discontinued later that day. During
her time on the VDR®-4, peak inspiratory pressure
(PIP) and FiO, were adjusted downward when
improving ABG values made those changes possible
(see Table 1).

On August 10™, she was transferred back to a
Drager V-500 ventilator. Increased wheezing was
noted at that time. The continuous albuterol aerosol
was stopped six hours after she was transferred back
to the V-500 ventilator and albuterol/ipratropium
aerosols were started every two hours around the

clock. The Ketamine infusion was stopped three days
later. Daily chest x-rays were done while she was intu-
bated (see Figure 1). On the morning of August 15,
she was successfully extubated, given a one-time
racemic epinephrine aerosol, and then managed on
albuterol/ipratropium aerosols every two hours and
low flow oxygen through a nasal cannula. She was dis-
charged from ICU the next day and her treatment
regimen was adjusted downward accordingly.

Results

With our patient’s arterial pH at 6.97 and evidence
that conventional mechanical ventilation was not
working for her, we had very little time to establish a
treatment plan that was effective. ECMO was being
prepared as we were setting up the VDR®-4 ventila-
tor. Fortunately, the VDR®-4 reversed the downward
clinical trend and her ABG values steadily improved.
Ten hours after starting the VDR®-4, her ABG values
normalized (see Table 1). She was transferred back to
the conventional ventilator two days later, and suc-
cessfully extubated six days later. She was discharged
from ICU the day after extubation.

Discussion

We chose the VDR®-4 ventilator in this case because
it has a passive expiratory phase (2) and it stacks
high-energy, subtidal volumes that travel down the
centers of airways where airway resistance is lowest



Figure 1. Chest x-ray taken at 0700 h. August 9™ after the first
night on the VDR®-4 ventilator.

(2). Luckily, our patient did not have a high FiO, or
PEEP requirement so we could decrease PEEP and
increase PIP to widen out AP (PIP minus PEEP) in
order to ventilate her better. Although there is good
evidence for keeping plateau pressure less than 30 cm
H,O and driving pressure low for Acute Respiratory
Distress Syndrome (ARDS) patients (3,4), we reasoned
that most of the high peak pressure with status asth-
maticus is due to increased airway resistance and
therefore those higher pressures would attenuate in
large part before reaching the alveoli where damage
could be done. Daily chest x-rays were done while she
was intubated. Other than the one in Figure 1, with
the primary interpretation statement of: “developing
airspace disease on the right suspicious for inflamma-
tion”, they were mostly unchanged. What was shown
by the x-ray in Figure 1 was that, despite her severe
airflow obstruction and bronchospasm, the VDR®-4
was not causing notable hyperinflation of her lungs.
Dynamic hyperinflation of the lungs is a dangerous
complication of mechanical ventilation for the severe
asthmatic (5). No pneumothorax or subcutaneous free
air was noted during her ICU stay.

The Percussionaire VDR®-4 ventilator is classified as
a pneumatically-powered, time-cycled, pressure-limited,
high-frequency flow interrupter. The mode of ventilation
that it provides was originally called High Frequency
Percussive Ventilation by its inventor, Dr. Forrest Bird
(6). Over the past several years, studies have shown this
mode to reduce time on ECMO for HIN1 pneumonia
patients (7), enhance separation from ECMO (8,9),
be a rescue mode that improves PaO,/FiO, (P/F)
ratios for morbidly obese patients failing conven-
tional mechanical ventilation (10), improve P/F
ratios for non-cardiac surgery patients failing
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conventional mechanical ventilation (11), and
improve hemodynamics and oxygenation for ARDS
patients (12).

The VDR®-4 utilizes a sliding venturi tube that Dr.
Bird called the Phasitron. This Phasitron has an
entrainment port which entrains heated, humidified,
blended gas, to provide a tidal volume to the patient
that is volume-limited by a principle termed “fluidic
clutching” (6). As the lungs fill, the increasing intra-
pulmonary pressure causes a proportionally increasing
back-pressure on the phasitron. This, in turn, causes a
reduction in entrained gas and therefore a tidal vol-
ume to the patient that is partly determined by the
lung itself. Decreases in lung compliance and increases
in airway resistance also increase the back-pressure on
the phasitron so the actual delivered tidal volumes
vary in real time based on changing lung characteris-
tics and dynamics.

The VDR®-4 stacks very small subtidal volumes to
produce a step-wise inflation of the lungs during the
set inspiratory time (6). These subtidal volumes are
high-energy mini-bursts of gas that travel down the
centers of the airways because that path is the path of
least resistance. Exhaled gas then travels in a counter-
current path along the inside walls of the airways (2).
Coupled with adequate humidification, this flow pat-
tern gives the VDR®-4 the ability to clear pulmonary
secretions and debris from airways (13). It is used in
some burn treatment centers partly for this rea-
son (13,14).

As in pressure control ventilation, two pressure lev-
els are typically employed with the VDR®-4, PIP and
PEEP. But the VDR®-4 also has the option of a third
oscillatory pressure level above PIP that is often used
as a recruitment maneuver. The idea is that larger air-
ways are stented open during the PIP (2" pressure
level) and then alveoli are recruited during this 3™
convective pressure level above PIP (see Table 1) (6).

In looking back at this case, what we could have
done differently with the VDR®-4, which may have
enhanced a return to normal ABG values sooner, was
to shorten I-Time to 1.5s. and lengthen E-Time to
2.5s. rather than leaving them at 2s. each. This would
have matched her very long expiratory phase better
and may have provided better CO, clearance.

Conclusion

Status asthmaticus patients that require mechanical
ventilation present very difficult challenges to the crit-
ical care team. The associated severe airflow obstruc-
tion makes ventilation very difficult and increases the
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likelihood of respiratory acidosis and lung injury due
to dynamic hyperinflation (5). Various attempts to
improve ventilation in these cases have been tried
including changing the gas mixture for a conventional
ventilator from air/oxygen to Heliox/oxygen (15).
These attempts have shown mixed results.

This case report describes the successful use of
HFPV for a status asthmaticus patient failing conven-
tional mechanical ventilation. We have anecdotal
evidence of other medical centers using HFPV for
these patients but larger studies are needed to verify
its efficacy, and define the best care pathway for
these patients.
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