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A New Supportive Therapy for
Adult Respiratory Distress Syndrome:
Interventional Lung Assist Device

Erigkin Solunum Sikintis1 Sendromunda
Uygulanan Yeni Bir Destekleyici Tedavi:
Girisimsel Akciger Destek Araci

ABSTRACT Adult respiratory distress syndrome (ARDS) remains a great challenge for physicians
in intensive care units with high mortality rates. Although protective lung ventilation is the main-
stay of ARDS therapy, it may lead to intractable hypercapnia. Pumpless extracorporeal lung-assist
was suggested as an invasive alternative to conventional treatment when gas exchange is not opti-
mized with rigorous mechanical ventilation alone. Here, we report the treatment of a patient with
extracorporeal lung-asist in the course of pneumonia-related ARDS due to intractable hypercapnia
as a result of failure of protective ventilation strategy and her outcome after treatment. Interven-
tional Lung Assist device (iLA) contains a specially designed low resistance lung membrane, which
uses the pressure difference between the arterial and venous circulation. This system enables the
use of high airway pressures for oxygenation in combination with very low tidal volumes to avoid
ventilator-induced lung injury and this gives time to patient for lung recovery.

Key Words: Respiratory distress syndrome, adult; extracorporeal membrane oxygenation;
ventilation

OZET Yiiksek mortalite hizina sahip olan erigkin solunum sikintis1 sendromu (ESSS), yogun bakim
unitesindeki doktorlar i¢in halen 6nemli bir sorundur. Koruyucu akciger ventilasyonu ESSS
tedavisinin ana dayanagi olsa da, inat¢1 hiperkapniye yol agabilir. Gaz degisimi tek bagina titiz bir
mekanik ventilasyonla optimize edilemediginde, pompasiz ekstrakorporeal akciger yardimi
konvansiyonel tedaviye invaziv bir alternatif olarak Onerilmistir. Bu makalede, koruyucu
ventilasyon stratejisindeki basarisizlik nedeniyle inat¢1 hiperkapniye bagh pnomoni ile iligkili ESSS
sirasinda, ekstrakorporeal akciger yardimi ile tedavi edilen bir olgu sunulmustur. Girisimsel akciger
yardim cihaz: (Interventinal Lung Assit device-iLA), arteriyel ve vendz dolagim arasindaki basing
farkini kullanan, 6zel olarak tasarlanmus, diisiik direngli bir akciger membranina sahiptir. Bu sistem,
ventilator ile iligkili akciger hasarindan kaginmay1 saglamak i¢in, oksijenasyon amaciyla uygulanan
yiiksek hava yolu basinglarini, ¢ok diisiik tidal voliimlerle birlikte kullanmaya olanak saglar ve
hastaya, akcigerin iyilesmesi i¢in zaman verir.

Anahtar Kelimeler: Solunum sikintis1 sendromu, yetiskin; yapay dolagim membran oksijenizasyonu;
ventilasyon
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espite substantial advances in the understanding of acute respiratory

distress syndrome (ARDS), since its initial description in 1967,! the

mortality rate is still above 40%.%? In addition to mechanical ven-
tilation, which is still the mainstay of therapy, a number of novel support-
ive techniques, including partial liquid ventilation, inhaled nitric oxide,
surfactant replacement, and extracorporeal techniques have been used.*’
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Pumpless extracorporeal lung-assist is a sim-
ple and efficient method to support patients with
deteriorating gas exchange.®® This device was sug-
gested as an invasive alternative to conventional
treatment when optimal gas exchange is not possi-
ble by rigorous mechanical ventilation alone.

A new supportive therapy for use in ARDS pa-
tients is the Interventional Lung Assist device
(iLA), which removes carbon dioxide from the
blood. This system contains a specially designed low
resistance lung membrane, which uses the pressure
difference between the arterial and venous circula-
tion as the driving force for blood flow (Figure 1).
The extracorporeal blood flow is approximately
25% of the cardiac output. This system enables the
use of high airway pressures for oxygenation in
combination with very low tidal volumes to avoid
ventilator-induced lung injury and it gives time to
the patient for lung recovery.’ In this report, we de-
scribed the treatment of a patient requiring extra-
corporeal lung asist in the course of ARDS
secondary to pneumonia and her outcome.

CASE REPORT

A 36 years old woman [weight 88 kg, height 160
cm and ideal body weight (IBW) 52 kg] in the 30
week of pregnancy was referred to our intensive
care unit (ICU) from a primary care hospital with
the diagnosis of pneumonia-related respiratory in-
sufficiency. On admission, she was on mechanical
ventilation with the settings of Synchronized In-
termittent Mandatory Ventilation (SIMV), fiO,
60%, Positive End Expiratory Pressure (PEEP) 10
c¢mH,0, pressure over PEEP (PEEP’) 18 cmH,O0,
frequency 15 min’, tidal volume (VT) 500 mL and
her arterial blood gasses (ABG) analysis revealed
respiratory acidosis and hypoxemia (pH 7.21, PCO,
54.7 mmHg, PO, 54 mmHg, BE -8.9, saturation
77.9%). Her blood pressure was 112/65 mmHg,
heart rate was 148 min™ and her body temperature
was 35.8°C. Auscultataion of the lungs revealed
basillary inspiratory and expiratory crackles bilat-
erally. Chest X-ray revealed diffuse bilateral fluffy
infiltrates. There was no sign of fetal distress with
noninvasive fetal monitoring. Her biochemical
blood analysis revealed hyperlactatemia and leuco-
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cytosis (lactate 9 mmol/L, leucocyte count 24500
cells/mm?). Empiric antimicrobial treatment (ampi-
cillin-sulbactam sodium 1gr iv q6hr) was initiated
after collection of blood, urine and deep tracheal
aspiration specimens for microbiological examina-
tions. After diagnosis of ARDS ventilation settings
were immediately changed as pressure controlled
with fiO, 55%, PEEP 14 cmH,0O, PEEP’ 15 cmH,0,
fr18, and VT 300 ml. Twenty minutes after the new
ventilatory settings, ABG analysis improved; pH
7.29, PCOy 47 mmHg, PO, 75 mmHg, BE -6, sat
92%. However, on ventilatory day 3, the patient
underwent cesearean section under general anes-
thesia, due to sustained hypoxemia despite high
PEEP settings, in order to prevent any morbidity
to the fetus. There was no complication throughout
the cesarean section and neonatal APGAR scores
were 7 and 10 (at 1 and 5 minutes).

On day 10 in the intensive care unit, the blood
cultures revealed Eschericia coli infection; antimi-
crobial treatment was switched to imipenem 500
mg iv q6hr and for the gram-negative septicemia
Pentaglobulin therapy was instituted 450 mg/d for
3 days. Thoracic computerized tomography (CT)
scanning revealed diffuse, patchy ground glass con-
solidations with bilateral air bronchograms at
lower lobes (Figures 2a and 2b). Percutaneous tra-

FIGURE 1: Interventional Lung Assist device (iLA) instrumentation of the pa-
tient. The system consists of vascular ports connecting the iLA membrane
ventilator to the arterial and venous catheters mounted on the patient and
the blood flow monitor measuring the flow through the circuit.

(See for colored form http://tipbilimleri.turkiyeklinikleri.com/)
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FIGURE 2: Thoracic computed tomography scans revealing diffuse bilateral infiltrations (a and b) before Interventional Lung Asisst device (iLA) implementation
and apparent improvement after iLA (c and d).

cheostomy was performed on day 15 due to con-
tinuation of the ventilatory treatment.

Although she was maintained on protective
ventilation via pressure controlled mode with high
PEEP and low tidal volumes and with periodical
positioning changes as prone v.s. supine, hypercar-
bia and hypoxemia sustained. On day 24, despite
vigorous ventilatory treatment, her clinical status
reached a deadlock and in order to give her a
chance for treatment as a last choice we decided to
implement the pumpless interventional lung assist
device (iLA, NovaLung, Hechingen, Germany).

We used the right femoral artery and the left
femoral vein respectively for insertion of a 15
French arterial and 17 French venous cannula by
the Seldinger technique (Figure 1). After insertion,
iLA pre-filled with 0.9% NaCl was connected; ini-
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tial passive blood flow was 2.1 L min™ and gas flow
(oxygen) in the membrane lung was 12 L min™. Be-
cause of the heparin-bonded system, systemic an-
ticoagulation with heparin was targeted only to an
activated clotting time of 120-150 s. Blood flow
through the extracorporeal system was measured
by ultrasonography (Blood Flow Monitoring Sys-
tem, NovaLung®, Hechingen, Germany). Mean ar-
teriovenous shunting with the iLA during
treatment was 20-25% of the cardiac output, meas-
ured with a thermodilution technique (PiCCO
monitor, Pulsion Medical Inc., USA). The targeted
mean arterial pressure was 70 mmHg and the min-
imal cardiac index to ensure sufficient blood flow
through the membrane lung was 1.5 L-min™'-m™.
Norepinephrine infusion (maximum dosage 1.5 pg
kg™ min™') was only administered for 24 hrs after
starting iLA to reach this index.
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TABLE 1: Course of time and change in respiratory mechanics of the patient on Interventional Lung Assist device (iLA).
Post-iLA
Pre-iLA 4 hours 1 day 7 days 10 days 14 days
FiO, 0.6 0.7 0.65 0.5 0.5 0.45
PEEP(cmH,0) 15 18 18 12 8 8
Pa0,/Fi0, 161 55 60 130 196 155.5
P plateau (cmH,0) 30 27 23 18 17 16
Vi mL) 400 300 200 200 220 250
Vt (mL.kg" IBW) 7.69 5.76 3.84 3.84 4.23 4.80
Minute volume (L. min"") 8 45 2.6 2.8 3.08 4
pH 7.32 7.57 7.53 7.38 7.32 7.33
Pa0, (mmHg) 96.8 385 49 65 98 70
PaCO, (mmHg) 86.8 44.1 42 50.7 46 45.8
HCO; (mEqiL) 442 39.7 355 4.7 39 36.5
BE (mEq/L) 136 15.7 13 15 127 12
Sp0, (%) % 80.4 85.3 90 97 93

FiO,: Inspiratory oxygen fraction; PEEP: Positive end expiratory pressure; PaO,/FiOs: ratio of alveolar oxygen pressure to inspiratory oxygen fraction; P plateau: Plateau pressure;
Vt: Tidal volume; IBW: Ideal body weight; PaO,: Alveolar oxygen pressure; PaCOs,: alveolar carbondioxide pressure; HCO3': Bicarbonate; BE: Base excess;
SpO,: Oxygen saturation; cmH,0: Centimetres water; mL: Mililitres; L. min-1: Litres per mimute; mmHg: Milimeter mercury; mEq/L: Miliequivalent per lite.

In the first few hours there was a marked de-
crease in hypercapnia, as well as an advanced hy-
poxia; therefore, we had to increase both the fiO,
and PEEP at the beginning. After the second day
following iLA implementation we were able first
to reduce fiO, stepwise, and then PEEP and mean
airway pressure over several days. Tidal volume
could be targeted to less than 7 ml kg™! IBW (Table
1). The clinical status of the patient improved and
the performance of the iLA was adjusted by reduc-
ing the gas flow (oxygen) of the membrane lung.
The iLA was stopped 14 days after initiation after a
successful trial without gas flow (oxygen) from the
membrane lung and the vascular catheters (arterial
and venous) were removed.

The management of fluids depended on the
PiCCO monitorization of the patient throughout
her course in the ICU and no buffer was used for
treatment of hypercapnia at any time. She was not
given any steroids either as her hemodynamics
were not compromised to lead to septic shock any
time throughout her treatment.

We observed no iLA related adverse events
throughout the treatment. There was marked im-
provement in the lung as seen on the control tho-
racic CT after termination of iLA (Figures 2c and
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2d). Weaning from ventilation was interrupted by
nosocomial pneumonia related to Pseudomonas
aeruginosa, which responded to appropriate an-
tibiotherapy. On day 50 of admission, the tra-
cheostomy cannula was removed and eventually
she was discharged from the hospital on day 63
with recommendation for rehabilitation.

I DISCUSSION

In the last few years, there has been a consensus on
the ventilation strategies of ARDS on the context of
“lung protective ventilation” through which we
may face with inevitable hypercapnia.'® Similarly
in our patient, as a result of this lung protective
ventilation strategy, we could not manage to over-
come the sustained hypercapnia and we decided to
establish the iLA for carbon dioxide removal to
offer less aggressive ventilation.

Hypercapnic acidosis (HA) is often considered
a well-tolerated side effect of lung protective ven-
tilation strategies. There is a growing body of ex-
perimental evidence, however, suggesting that HA
may be intrinsically protective in ventilator-in-
duced lung injury and acute lung injury (ALI),'!
and that buffering HA may be detrimental.'® Cer-
tain patient populations, such as those with car-
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diovascular disease or central nervous system in-
juries, have the potential to be harmed by HA.

Patients with ARDS do not die from respira-
tory failure per se but rather because of the de-
velopment of multiorgan failure. However,
hypercapnic acidosis appears to exert protective
effects on the myocardium.!* In isolated hepato-
cytes exposed to anoxia and chemical hypoxia, aci-
dosis markedly delays the onset of cell death and
correction of the pH actually accelerates cell
death.’>!¢ This phenomenon may represent a pro-
tective adaptation against hypoxic and ischaemic
stress.’> On the other hand, there is experimental
evidence that the beneficial effects of moderate hy-
percapnia may be counterbalanced by a potential
for adverse effects at higher levels. This is sup-
ported by experimental evidence demonstrating
that protection from the adverse effects of brain is-
chaemia was better when the inspired carbon diox-
ide was set at 6% rather than at 9%. Of concern is
that, severe hypercapnia produced by 15% carbon
dioxide was more recently demonstrated to worsen
neurological injury in this context.'” In isolated he-
patocytes, the degree of protection from anoxic in-
jury conferred by metabolic acidosis was greater at
a pH of 6.9 than at 6.6.

There are experimental studies reporting that
buffering hypercapnic acidosis worsens acute lung
injury. The exact mechanisms of the deleterious ef-
fects of buffering hypercapnic acidosis are unclear.
Specific concerns exist regarding the use of bicar-
bonate to buffer the acidosis produced by hyper-
capnia. The effectiveness of bicarbonate infusion as
a buffer is dependent on the ability to excrete car-
bon dioxide, rendering it less effective in buffering
a hypercapnic acidosis. In fact, bicarbonate may
further raise systemic carbon dioxide levels under
conditions of reduced alveolar ventilation, such as
ARDS."® Furthermore, although bicarbonate may
correct arterial pH, it may worsen intracellular aci-
dosis because the carbon dioxide produced when
bicarbonate reacts with metabolic acids diffuses
readily across cell membranes, whereas bicarbon-
ate cannot.” Taken together, these findings suggest
that, in the absence of a correction of the primary
problem, buffering a hypercapnic acidosis with bi-
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carbonate is not likely to be of benefit. However,
there are no long-term clinical outcome data (e.g.
survival, duration of hospital stay) to support the
buffering of hypercapnic acidosis.?” With respect
to these facts we did not attempt to buffer the hy-
percapnia in our patient.

Similarly, there is still controversy about the
use of steroids in the treatment of ARDS. Most of
the sepsis guidelines recommend steroid use only
in case of refractory septic shock.'?? Trials of high-
dose, short-course corticosteroids for early-phase
ARDS failed to show improvements in survival.?>?*
Several reports from small case series suggested a
benefit of moderate-dose corticosteroids in patients
with persistent ARDS.>?¢ A single-center, ran-
domized trial involving 24 patients who had had
ARDS for seven or more days reported that mod-
erate dose corticosteroids improved lung function
and survival.”

The risks associated with corticosteroids in
these patients are unclear. Several studies involving
patients with sepsis and ARDS have suggested that
high-dose corticosteroids increase the risk of sec-
ondary infections, yet a meta-analysis of moder-
ate-dose corticosteroids for sepsis did not
substantiate this finding.?® Additional potential
risks of corticosteroids include hyperglycemia,
poor wound healing, psychosis, pancreatitis, and
prolonged muscle weakness with impaired func-
tional status.?’ Considering all these risks with
steroid treatment, we did not prefer to use corti-
costeroids in the course of treatment in the pre-
sented case in which no period of refractory
hypotension occurred.

The aim of iLA insertion in this reported case
was to allow lung-protective ventilation and to im-
prove gas exchange. This allows the native lung
function to be supported and the diseased lung may
recover better as artificial ventilation can be down-
graded. Accordingly, additional iatrogenic lung in-
jury such as barotrauma and volutrauma caused by
mechanical ventilation with high tidal volumes
and high peak inspiratory pressures can be re-
duced.®®3" Our case demonstrates that moderate
transfer of oxygen and efficient elimination of car-
bon dioxide is well achieved with iLA.
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The iLA system is characterized by a novel
membrane gas exchange device with optimized
blood flow integrated into an arteriovenous he-
parin-coated bypass, established by cannulation of
the femoral artery and vein. A passive shunt flow
generated by the patient’s blood pressure gradient
through the gas exchange device allows effective
carbon dioxide extraction and moderate improve-
ment in arterial oxygenation. Muller and cowork-
ers’ showed that interventional lung assist
eliminated 50% of calculated total carbon dioxide
production with rapid normalization of respiratory
acidosis despite limited contribution to oxygen
transfer. They found that oxygen transfer capacity
was 41.7 + 20.8 mL.min™" and carbon dioxide re-
moval was 148.0 + 63.4 mL.min". The oxygen
transfer capacity of the iLA is limited mainly by the
fact that arterial blood, already well oxygenated, is
fed into the device and therefore only a small ad-
ditional amount of oxygen can be bound to haemo-
globin.

In our patient, iLA enabled a safe application
of lung protective tidal volume less than 6 ml.kg™
without provoking severe acidosis, by profound
carbondioxide elimination. The combination of
very low VT with high PEEP allowed the limita-
tion of plateau pressure at 30 cmH,O or lower and
thus the avoidance of barotrauma. The expected
hypoxemia was a challenge only for a few days
after iLA implementation, which we managed with
little incremental manipulations of PEEP and fiO,.
However, it was no more a problem thereafter so
that the PaO,/fiO, ratio doubled. Thus, we may
suggest that the resultant hypoxemia can be ame-
liorated by minimal changes of ventilatory pa-
rameters.

The system is valuable not only as a means of
reducing the need for aggressive ventilation but
also for the bridge therapy to lung transplantation®
and the safe interhospital transport of the critically
compromised pulmonary patient,* due to ease of
use, effectiveness, and relatively low costs. How-
ever, cardiovascular stability is mandatory for the
use of this treatment modality. Despite using rela-
tively small cannulas, critical ischemia of the distal
limb or bleeding at the site of cannulation are pos-
sible adverse effects. We used a 15 F cannula for ar-
terial cannulation. No peripheral complications
developed in our patient.

The use of extracorporeal technology to ac-
complish gas exchange, with/without cardiac sup-
port, is based on the premise that ‘lung rest’
facilitates repair and avoids the barotrauma/volu-
trauma of ventilator management. Interventional,
extracorporeal pump-free pulmonary support
opens up new possibilities for pulmonary protec-
tion. Despite the lack of randomized controlled
studies and the possibility of sigificant risks, results
are encouraging.

I CONCLUSION

Today, low-tidal-volume ventilation is a common
practice in the treatment of acute lung failure,
often accompanied by hypercapnia and respiratory
acidosis. In this context, extracorporeal carbon
dioxide elimination could represent an opportunity
to avoid potentially dangerous decreases in pH. In-
terventional lung assist may provide a sufficient
improvement at arterial blood gas parametres with
easy handling properties and low cost in patients
with severe acute respiratory distress syndrome
and persistent hypoxia and hypercapnia.
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