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Percutaneous Extracorporeal CO, Removal in a Patient with Bullous Emphysema
with Recurrent Bilateral Pneumothoraces and Respiratory Failure

ANTONIO PESENTI, M.D.,* GIAN PIERA Rossi, M.D.,} PAoLO PELOSI, M.D.,}
LuUCA BRAZZ1,§ LUCIANO GATTINONI, M.D.1

Extracorporeal CO; removal has been, up to now, al-
most exclusively applied in patients with severe acute re-
spiratory diseases."? As originally reported, the extracor-
poreal removal of the patient’s entire CO production
allows decrease of the natural lung ventilation to close to
apnea.® More recently, the concept of partial extracor-
poreal CO; removal* was introduced as a way of permit-
ting the maintenance of otherwise inadequate sponta-
neous breathing in patients with less-severe respiratory
insufficiency and/or respiratory failure of a different or-
igin. In this case the extracorporeal membrane lung will
need to remove only a portion of the COy production.
We believe that this approach, although still largely ex-
perimental, has been useful in solving the ventilatory
problems of the patient who is the subject of this report.

REPORT OF A CASE

A 19-yr-old woman was referred to our intensive care unit (ICU)
from another hospital ICU. The admission diagnosis was bilateral bul-
lous emphysema with recurrent pneumothoraces, bilateral air leaks,
and pulmonary infection. The patient’s lungs had been mechanically
ventilated for 28 days, and various attempts to separate her from the
ventilator had been unsuccessful. At the time of admission she was
conscious, and her lungs were being mechanically ventilated at Fio,:
0.4; TV: 400 ml; respiration: 20 breaths per min; PEEP: 0 cm H,O0.
Arterial pH was 7.331, Pao, 97 mmHg, and Paco, 55 mmHg. Tem-
perature was 37.9° C, heart rate 140, BP 90/45 mmHg, CVP 8 mmHg,
PAP 48/14 (mean 29) mmHg, PAWP 12 mmHg, and cardiac output
6.5 1/min. WBC were 11000 mm®, PRCV 32%.

Five months before, the patient had been admitted to another hos-
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pital because of a spontaneous right pneumothorax that was evacuated
without complications. A diagnosis of congenital bullous emphysema
was made. Recurrent spontaneous pneumothoraces led to a left subtotal
and right subtotal pleurectomies, respectively, 50 and 30 days before
admission to our institution. Four days following the right pleurectomy,
respiratory insufficiency developed, the patient was transferred to the
ICU, and mechanical ventilation was instituted.

At this time bilateral air leaks were present. Pneumomediastinum
and subcutaneous enphysema appeared. A chest CT scan (fig. 1 a and
b) revealed the presence of hyperinflated multiple bullae of various
sizes, occupying bilaterally most of the pleural cavity. Bronchial cultures
were positive for Pseudomonas aeruginosa and a Candida urinary infection
was demonstrated. The patient was moderately febrile (<39° C) and
appropriate antibacterial treatment was instituted. Recurrent pneu-
mothoraces required various repositioning of the thoracostomy tubes.
Several attempts to reduce the mechanical ventilatory support and the
airways pressure were unsuccessful. The 28th day of her stay in the
ICU, controlled mechanical ventilation was being maintained with
Flo,: 0.4, respiration: 20 breaths per min, TV: 450 ml, PEEP 0 cm
H,0. Pag, was 68 mmHg, Paco, 48 mmHg, and pH 7.39.

The patient was transferred to our institution. We decided that the
best therapeutic strategy, to reduce the risk of new pneumothoraces
and to stop the air leak, would be to dispense with mechanical ventilation
or any form of positive airway pressure. Spontaneous breathing could
be maintained by supplementing the spontaneous CO; clearance with
partial extracorporeal CO; removal.

CANNULATION AND EXTRACORPOREAL CIRCUIT

Specially designed 12-F percutaneous catheters were
positioned under local anesthesia by a modified Seldinger
technique. We chose thin-walled spring wire reinforced
polyurethane catheters to increase blood flow and avoid
kinking due to patient’s movements.

Blood was drained from the right internal jugular vein
toa 150 ml collapsible silicon rubber reservoir (SCI MED
Life System, Minneapolis, Minnesota), pumped through
a 2.5-m? Sci Med Kolobow membrane lung, and returned
to the right femoral vein. We ventilated the membrane
lung with a humidified gas mixture, adjusting its flow
(range 8-14 1/min) to achieve the desired extracorporeal
CO, removal. The extracorporeal system was provided
by Kontron (Milan, Italy). Blood was pumped at a rate
between 0.4-0.6 1/min: extracorporeal COp removal (as
measured by the difference in CO, content of the blood
before and after the membrane lung) ranged between
33.2-71.5 ml/min. Representative CO, removal values
during the procedure varied from 22-40% of the patient’s
CO; production.
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F1G. 1. Chest CT scan taken before connection to bypass (at PEEP
0 cm H,0). Presence of bilateral pneumothoraces and hyperinflation
of the bullaea, hilum (A), and base (B).

Heparin was continuously infused to achieve activated
clotting times 80-120% greater than normal. There was
an absence of bleeding except for some blood in the tra-
cheal aspirate. The amount of blood transfused during
the entire procedure (7 days) was 3.6 1 (including the blood
transfused to substitute for blood samples: ~300 ml/day).

During the first 24 h of bypass, ventilatory assistance
was changed from pressure support to continuous positive
airway pressure (CPAP), after which she breathed through
a T tube. The time course of selected parameters during
the procedure is summarized in figure 2.

By the end of the fourth day of bypass, the air leaks

Anesthesiology
V 72, No 8, Mar 1990

had both stopped. On the fifth day, because some clots
had appeared on the upper side of the membrane lung,
we substituted a smaller size (1.5 m?) tube. The patient
was separated from the extracorporeal circuit on the
eighth day. From then on the patient alternated between
periods of CPAP (3 cm Hz0) and pressure support (+10
to 415 cm Hy0), progressively increasing the time spent
with CPAP.

The patient was then separated from any form of re-
spiratory support and finally discharged home 7 weeks
after separation from bypass. A chest CT scan, taken 2
months after discharge from the hospital, showed an ob-
vious decrease in the size of the bullae, with good expan-
sion of the residual parenchyma.

DiSCUSSION

We describe here the clinical use of partial extracor-
poreal CO; removal for the management of ventilatory
insufficiency. The invasiveness of this simplified technique
is similar to continuous arterovenous hemofiltration or
continuous hemodialysis.

Long-term extracorporeal respiratory assistance with
a membrane lung?®® has been, up to now, almost exclu-
sively applied as a last-resort life-support technique in the
terminally ill. In these patients a device able to provide
total gas exchange is needed,” and requires the surgical
cannulation of major veins and/or arteries with large-
bore cannulas, to achieve blood flows of at least 2 1 /min.
Thus, the likelihood of side effects has severely limited
the clinical use of the technique.

The patient we report here was not yet in a moribund
state. However, 28 days of conventional treatment had
clearly shown that the very fragile lung parenchyma could
not withstand positive pressure ventilation and that pro-
gressive barotrauma and deterioration of gas exchange
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FIG. 2. Time course of relevant parameters during bypass: PS
= pressure support; CPAP = continuous airway pressure breathing;
Flo, = inspired oxygen fraction; Pag, arterial oxygen pressure; Paco,
= arterial COy tension; PECOR = partial extracorporeal CO; removal
(% of the metabolic production rate).
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would occur. We considered the possible application of
high frequency ventilation as a mean to manage this pa-
tient. This technique,® however, is best indicated in cases
of unilateral lung diseases.” When the lung disease is bi-
lateral, the maintenance of gas exchange requires mean
airway pressures comparable to those provided during
conventional ventilation, while leak flow may even in-
crease.'’

Indeed, the ideal ventilatory management of such a
case would be the one that could permit spontaneous
breathing at atmospheric pressure while maintaining sat-
isfactory blood gases. Spontaneous breathing, made pos-
sible in this patient by partial extracorporeal CO; removal,
prevented new pneumothoraces and stopped the air leak:
the required blood flow was in the range attainable by
small-bore percutaneous cannulae.

In conclusion we felt that in this particular patient par-
tial extracorporeal CO» approach was justified as one that
could reasonably offer the best risk/benefit ratio. A low-
flow CO, removal system was applied as the possible
solution to solve a specific ventilatory problem since con-
ventional mechanical ventilation appeared contraindi-
cated. Further investigation and development are re-
quired, as to allow a broader application of the principle
illustrated here.

The authors wish to thank Sergio Vesconi M.D., Ospedale S. Paolo,
Milan, and Pier Giuseppe Sironi M.D., Ospedale Fatebenefratelli, Of-
talmico, Milan.
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Caudal Anesthesia and Intravenous Sedation for Repair of Giant Bilateral
Inguinal Hernias in a Ventilator-Dependent Premature Infant

JosepH R. FURMAN, M.D.,* MELVIN D. SMITH, M.D.}

Preterm infants who develop respiratory distress syn-
drome with respiratory failure require positive pressure
mechanical ventilation for survival, and may develop se-
vere barotrauma as a complication. Pulmonary interstitial
emphysema, pneumatoceles, and pneumothoraces occur
most often in infants who require high peak and mean

airway pressures as well as high inspired oxygen concen-
trations to achieve adequate gas exchange. The reported
incidence of barotrauma in these patients varies from 9-
40%, with the highest incidence occurring in infants under
1500 g.! When such patients present with an urgent
problem requiring operative intervention, their anesthetic
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