Case Reports

Heliox With Inhaled Nitric Oxide: A Novel Strategy
for Severe Localized Interstitial Pulmonary Emphysema
in Preterm Neonatal Ventilation

Rajesh S Phatak MRCPH, Charles F Pairaudeau BMed Sci, Christopher J Smith MRCPH,
Peter W Pairaudeau MRCP, and Hilary Klonin MRCP

We describe the combined use of inhaled nitric oxide and heliox (79 % helium and 21% oxygen) as
a rescue therapy for a critically ill infant with localized interstitial pulmonary emphysema and
pulmonary hypertension. Conventional interventions were ineffective, not feasible, or unlikely to
take effect in time, during this infant’s acute critical illness. We added heliox based on its known
pulmonary effects, and inhaled nitric oxide to improve oxygenation, after echocardiographic evi-
dence of high right-ventricular pressure. The infant made a full recovery. To our knowledge this is
the first case report of heliox and inhaled nitric oxide used simultaneously in localized interstitial
pulmonary emphysema. Key words: helium, inhaled nitric oxide, newborn, respiratory distress syn-
drome, localized interstitial pulmonary emphysema, pulmonary hypertension. [Respir Care 2008;53(12):

1731-1738. © 2008 Daedalus Enterprises]

Introduction

Pulmonary interstitial emphysema is one of a group of
air-leak syndromes, characterized by air in pulmonary tissue
in which it is not normally present.! Pulmonary interstitial
emphysema can be transient or persistent, with a diffuse or
localized pattern, and arises from alveolar air leaks or small
airways that allow gas to enter and become trapped in the
pulmonary parenchyma, resulting in splinting of the lungs
and decreased compliance.?-® Air trapped in the perivas-
cular spaces compromises the pulmonary circulation by
compressing blood vessels.?? Compression of remain-
ing healthy lung areas causes atelectasis and impairs gas
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exchange, leading to overall ventilation-perfusion mis-
match.? The degree of air-trapping and requirement for
high ventilation pressure affect systemic venous return
and right-ventricular outflow.%-!! Pulmonary hyperten-
sion then contributes to impaired oxygenation.!

SEE THE RELATED EDITORIAL ON PAGE 1667

Pulmonary interstitial emphysema is usually seen in pre-
term infants as a complication of neonatal respiratory dis-
tress syndrome, and is a risk factor for pneumothorax,
intraventricular hemorrhage, and bronchopulmonary dys-
plasia.>* Mortality is highest in those with the lowest ges-
tational ages, birth weight < 1,500 g, and requirement for
high ventilation pressure in the first 2 weeks of life.>

Various strategies for managing unilateral severe pul-
monary interstitial emphysema have been described, in-
cluding respiratory manipulations, patient positioning, dex-
amathesone, and various drainage techniques, but their
merits are unclear (Table 1).2:4.7-12-19 We describe the strat-
egy we used with an infant with severe cardiorespiratory
compromise, and discuss our rationale. The patient was in
the neonatal intensive care unit at Women and Children’s
Hospital, Hull Royal Infirmary, East Yorkshire, United
Kingdom, and the patient’s mother gave consent for sub-
mission for publication.
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Table 2.  Sequential Arterial Blood Gas Values and Ventilatory Measurements Over the First 18 Hours of Treatment.
Day 14 Day 15

Time (h:min) 13:20 14:50 16:50 20:16 00:20 01:00 04:45 08:00
pH 7.18 7.19 7.30 7.26 7.20 7.26 7.29 7.33
P.co, (mm Hg) 60 70 46 51 61 55 49 38
P.o, (mm Hg) 61 46 59 62 60 63 55 81
HCO; (mEq/L) 20 23 22 21 21 23 22 21
Fio, 76 78 99" 64 63 62 60 58
Maximum inspiratory pressure (cm H,O) 38 29 26 26 26 28 28 26
PEEP (cm H,0) 2.9 33 2.5 2.5 2.4 2.5 25 2.5
Respiratory rate (breaths/min) 40 50 50 44 45 50 50 50
Oxygenation index” 15 19 NAZ% 10 10 12 13 8
Heliox (L/min) NAS§ 12 7 10 10 10 9
Inhaled nitric oxide concentration (ppm) 0 0 ND|| 6 3.7 3.8 5.1 44

* During circuit-change for inhaled nitric oxide, transient fraction of inspired oxygen (Fjp,) increase to 100%

T Oxygenation index = Fio, X mean airway pressure X 100/P,0,

4+ NA = not applicable because the oxygen concentration went up to 100% during circuit change

§ NA = not applicable because this was prior to adding helium-oxygen mixture (heliox).
|| ND = No data recorded at time of circuit change
PEEP = positive end-expiratory pressure

Case Report

The patent was a surviving twin male infant, born at
25 weeks plus 3 days gestation, via spontaneous vaginal
delivery, with a birth weight of 822 g. He was electively
intubated with a 3.0-mm inner-diameter endotracheal tube,
ventilated at birth, and received 120 mg of surfactant (Po-
ractant Alfa, Trinity, London, United Kingdom) via the
ETT, at 7 min, 6-h, and 12 h of age.

Initially we used volume-controlled synchronized intermit-
tent ventilation with volume guarantee (Babylog, Dréger, Lii-
beck, Germany). The maximum inspiratory pressure (MIP)
to achieve a target tidal volume of 4-5 mL/kg was 15—
17 cm H,0. The fraction of inspired oxygen (Fyp ) was 0.22—-
0.3 between day 2 and day 9 of life. Arterial blood gas values
on day 9 included pH 7.33, P,co, 48 mm Hg, and P,q,
50 mm Hg. Chest radiographs on days 5 through 9 of
life were consistent with resolving respiratory distress
syndrome and gradually developing pulmonary intersti-
tial emphysema.

The patient developed an increasing oxygen require-
ment and associated hypercarbia from day 9, which ne-
cessitated high ventilation pressure. On day 13 his respi-
ratory status markedly worsened. He required Fy of 0.80
and MIP of 38 cm H,O at the highest, to achieve an
adequate tidal volume and satisfactory oxygenation. Arte-
rial blood gas values were P, 60 mmHg, P, 60 mm Hg,
and pH 7.18 (Table 2).

At this stage, chest radiograph showed an over-inflated
right lung and localized interstitial pulmonary emphysema,
and an under-inflated left lung (Fig. 1). Echocardiogram
showed elevated right-ventricular pressure.

RESPIRATORY CARE ® DECEMBER 2008 VoL 53 No 12

Fig. 1. Day 13 chest radiograph shows an over-inflated right lung
with severe localized pulmonary interstitial emphysema, and an
under-inflated left lung.

We attempted mechanical ventilation over a range of
positive end-expiratory pressure (PEEP) values (3-
5 cm H,0) and respiratory rates (40—50 breaths/min).

We then initiated high-frequency oscillatory ventila-
tion (3100A, SensorMedics, Yorba Linda, California)
with a mean airway pressure (P,,) of 12-15 cm H,O
and 100% oxygen. Initially on high-frequency oscilla-
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Fig. 2. Circuit configuration for delivering helium-oxygen mixture (heliox) and inhaled nitric oxide.

tion his oxygen saturation went up to 91%, but then
dropped again. We again tried a lower mean airway
pressure (12 cm H,O), which resulted in a saturation
drop to 79%. We abandoned high-frequency oscillation
after approximately one hour.

The patient also decompensated with attempts to move
him to the lateral decubitus position. On day 14 we com-
menced dexamathesone at 100 ug/kg/d for 3 days, fol-
lowed by 50 wg/kg/d for 4 days.

We added heliox (79% helium, 21% oxygen) (BOC
Gases/Linde Group, Guilford, United Kingdom) to the cir-
cuit concurrently with the first dose of dexamathesone, as
a strategy to control the rising P,co, and acidosis. To
ensure accurate tidal-volume delivery we inserted a pres-
sure-differential pneumotachometer (CO,SMO Plus, Re-
spironics, Wallingford, Connecticut) calibrated for the pres-
ence of helium into the ventilator circuit. To improve
oxygenation we added inhaled nitric oxide (INO) (Ino Ther-
apeutics, Clinton, New Jersey) at 6 ppm, which is the
lowest dose that maintained adequate oxygen saturation.
Figure 2 shows the circuit configuration.

After initiating heliox and INO, we adjusted PEEP to
3 cm H,0. The MIP required to obtain a tidal volume of
4-5 mL/kg dropped immediately with heliox, and 2-hours
after that the P, had improved by 34%. As INO was
introduced, we lowered F, from 0.78 to 0.64.

Figure 3 shows the course of the MIP, Fyq , pH, P,co,
and P, before and after we added INO and heliox.

1734

A chest radiograph taken 5 hours after adding heliox
showed decreased right-lung air-trapping and expansion of
much of the left lung (Fig. 4). We decreased the F over
12 h, because the patient had a sustained improvement in
oxygenation index, from 18 to 11. Oxygenation index is
calculated as:

P, X Fio, X (100/P,;)

Heliox flow was approximately 10—12 L/min. Heliox
flow > 12 L/min caused the “leak in hose system” venti-
lator alarm.

After the first 12 hours, no further weaning took place
for 24 hours, and the patient continued to receive heliox
at approximately 11 L/min. Thereafter we gradually
weaned the heliox, by 1.8 L/min every 4 h, until com-
pletely off after 55 h. Weaning of INO was commenced
after 48 h and took place over 24 hours. He was suc-
cessfully extubated to pressure-support ventilation via
an infant flow driver (Viasys Healthcare, Warwick,
United Kingdom) with a MIP of 8§ cm H,O, a PEEP of
5 cm H,0, and F,o, of 0.3 after a further 24 hours, on
day 18 of life. The day after extubation, his hospital
course was complicated by a colonic perforation that
required surgery, for which he remained ventilated for
4 days, after which he was uneventfully extubated. Res-
olution of pulmonary hypertension was confirmed by a
normal echocardiogram in the patient’s third month.
Chest radiographs taken 5 months after birth showed

RESPIRATORY CARE ® DECEMBER 2008 VoL 53 No 12
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Fig. 3. Maximum inspiratory pressure, fraction of inspired oxygen,
helium-oxygen mixture (heliox).

complete resolution of pulmonary interstitial emphy-
sema, although there remained background changes sug-
gestive of bronchopulmonary dysplasia. He had a pro-
longed hospital stay, due to difficulties establishing
nutrition, and was discharged home at 6 months of age

He did not require home oxygen or inhaled bronchodi-
lators, and at 1 year of age his development was normal.

Discussion

As far as we know, this is the first reported use of heliox
plus INO as adjunct therapy for a critically ill infant with

RESPIRATORY CARE ® DECEMBER 2008 VoL 53 No 12

PH, P.co, and P,o, before and after addition of inhaled nitric oxide and

localized interstitial pulmonary emphysema and pulmo-
nary hypertension.

Table 1 describes management strategies previously re-
ported for localized interstitial pulmonary emphyse-
ma.>*7.12-19 Those case reports and series had various out-
comes. The most successful therapy for pulmonary
interstitial emphysema has been high-frequency jet venti-
lation, by Keszler et al, but they did not state whether any
of the infants had unilateral pulmonary interstitial emphy-
sema.?® For unilateral pulmonary interstitial emphysema,
dexamathesone appeared to be associated with a success-
ful outcome, but clinical resolution took 7 days. Other than
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Fig. 4. Chest radiograph taken 5 hours after instituting helium-
oxygen mixture (heliox) shows decreased right-lung air-trapping
and expansion of the left lung. The endotracheal tube appears
higher but had not been adjusted.

dexamathesone, none of the therapies appeared to be eas-
ily applicable to our patient, who was extremely small for
extracorporeal membrane oxygenation or major thoracic
surgery, and whose instability would have made transpor-
tation to the operating theater or tomography room diffi-
cult and potentially unsafe.?7.12.1516 Selective intubation
of the left main bronchus to provide unilateral mechanical
ventilation would have been challenging in an acidotic,
hypoxic, 822-g baby.!” Manipulation of ventilatory vari-
ables and a trial of lateral decubitus positioning were not
successful in our patient.*!3-21.22 [t may have been possible
to attempt to decompress the right lung by needle thora-
centesis, but there was no obvious localized area to treat,
and the patient decompensated even with routine minor
nursing procedures.!> After conventional and oscillatory
ventilation failed, we used heliox and INO to attempt to
relieve the acute life-threatening gas-exchange problem.

The rationale for adding heliox was that in neonatal
medicine heliox has been used in stridor and laryngo-
tracheal problems, has reduced the oxygen requirement
and the duration of ventilation in respiratory distress syn-
drome, and has improved lung mechanics in bronchopul-
monary dysplasia.?3-2¢ Heliox’s low density (compared to
air) increases flow in regions where turbulent flow pre-
dominates, and it promotes lower-resistance laminar
flow.26-28

Mechanical ventilation with heliox may also be benefi-
cial in pulmonary interstitial emphysema, because nitro-

1736

gen is absent from the inspired gas, which allows nitrogen
wash-out from the circulation, which facilitates re-absorp-
tion of trapped interstitial gas. For that reason, pure oxy-
gen has been suggested for treatment of pulmonary inter-
stitial emphysema.? Although we are unaware of any
evidence to support this effect of heliox in pulmonary
interstitial emphysema, in a model of pneumothorax, res-
olution was faster with heliox or pure oxygen than with
air.?° During mechanical ventilation heliox is associated
with reduced inadvertent PEEP and improved hemody-
namics, presumably because it increases gas flow and lung-
emptying.?8-30 This effect on gas-trapping may partly ex-
plain the improvement in our patient. Heliox shortens the
time for alveolar emptying, reduces hyperinflation, en-
hances mechanical efficiency, and reduces discomfort.242-31
There was a dramatic drop in MIP with heliox, even at a
concentration of only 20-30%. We speculate that this may
reflect the position of both lungs on unfavorable portions
of the pressure-volume curve.3?> Hence, even a small de-
crease in hyperinflation of the right lung and increase in
volume of the left lung may effect a large pressure drop.

We are unaware of any detailed studies on how heliox
is distributed to the airway during mechanical ventilation
with a variable-flow ventilator. Helium may accumulate at
various points in the ventilatory cycle, and the actual de-
livered dose may change. It may be that, due to its lower
density, flow of helium is preferentially distributed to the
narrow airways, allowing a higher concentration to reach
the small airways and start to open them, decreasing air
trapping and allowing opening of collapsed airways, re-
versing the pathophysiology. The lower MIP observed in
this case on the introduction of heliox may result in less
barotrauma.?3 It is possible that dexamathesone was ben-
eficial, but the cases so far described took days to re-
solve.'* However, dexamathesone may have been a factor
in the longer-term resolution of this illness.

Although heliox appeared to improve ventilation, hyp-
oxia remained a problem. We used INO because the infant
had evidence of pulmonary hypertension, which contrib-
uted to the inability to wean the Fy, . INO has been used
in neonatal intensive care as a pulmonary vasodilator.3+
Molecular diffusion is increased with heliox, which in-
creases carriage of oxygen and nitric oxide and favors
carbon-dioxide exchange.?7-31-35-40 It may be that this im-
proved the effectiveness of INO in our patient. Infants
with pulmonary interstitial emphysema may require higher
doses of INO and have poor outcomes because diffusion is
impaired by the trapped interstitial gas and fluid.*>4! In
our patient a low INO concentration was effective, and the
heliox may have allowed the INO to be more efficiently
distributed in the lungs.3%-3° There has been little research
on the safety, efficacy, and effectiveness of combining air,
oxygen, helium, and INO. The problems of adequate as-
sessment are increased by the difficulty in obtaining mon-

RESPIRATORY CARE ® DECEMBER 2008 VoL 53 No 12
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itors that can simultaneously measure the concentrations
of each gas. In this case we customized the equipment to
monitor the variables and patient response, but for further
research it would be valuable to have dedicated helium
and oxygen sensors in the inspiratory limb.

As ventilation strategies with lower MIP are increas-
ingly used, it may be that severe pulmonary interstitial
emphysema associated with barotrauma will become less
common and the ability to perform large-scale randomized
trials will decrease.3342 Despite this, pulmonary interstitial
emphysema still occurs and can be life-threatening. There
is an increasing body of clinical, experimental, and phys-
iologic evidence that heliox may have benefits at both the
airway and alveolar levels.?0-33.4344 Qur patient appeared
to benefit from the addition of heliox and nitric oxide,
without complications, which allowed time for other mo-
dalities to take effect, and we hypothesize as to how this
benefit may have taken place. However, additional inves-
tigation is needed before the combination of heliox and
nitric oxide could be recommended outside the experimen-
tal setting.
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