Extracorporeal Membrane Oxygenation, Extubation,
and Lung-Recruitment Maneuvers as Rescue Therapy in a Patient
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Long-segment congenital tracheal stenosis is characterized by complete tracheal rings. Surgery is
required during infancy to optimize outcomes, and the post-surgery complications include mucus
plugging, airway trauma, dehiscence at the surgery site, and death. We report a 5-week-old patient
who developed a tracheal-wall dehiscence after a slide tracheoplasty. To safeguard against further
dehiscence and to protect her one functional lung, we used extracorporeal membrane oxygenation
(ECMO). After she was stabilized on veno-arterial ECMO we extubated and continued ECMO for
5 days. On postoperative day 14 we removed the ECMO and transitioned her to high-frequency
oscillatory ventilation, and performed slow lung-recruitment maneuvers every 2 hours. This strat-
egy of ECMO with extubation, then high-frequency oscillatory ventilation is a useful rescue therapy
in patients with postoperative tracheal dehiscence. Key words: slide tracheoplasty; extracorporeal
membrane oxygenation, ECMO; surgical wound dehiscence; tracheal stenosis; lung-recruitment maneu-

ver; pulmonary agenesis. [Respir Care 2011;56(8):1198-1202. © 2011 Daedalus Enterprises]

Introduction

Long-segment congenital tracheal stenosis is a rare con-
dition characterized by airway narrowing due to complete
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tracheal rings. The stenosis can extend down to the bifur-
cation of the trachea.! The condition is often associated
with bronchopulmonary and cardiac malformations, in-
cluding pulmonary agenesis, which is characterized by
absence of vascular, pulmonary, and bronchial structures
distal to the tracheal bifurcation. Pulmonary agenesis af-
fects approximately 1 in 15,000 children and has a high
mortality rate.!?

Congenital defects associated with pulmonary agenesis
include cardiac, gastrointestinal, skeletal, vascular, and gen-
itourinary system defects.?> This condition can be a com-
ponent of the VACTERL (vertebral anomalies, anal atre-
sia, cardiac defects, tracheoesophageal fistula, esophageal
problems, renal and limb anomalies) association.* Com-
bined, unilateral lung agenesis and long-segment congen-
ital tracheal stenosis is a rare condition with a high mor-
tality rate.>-¢

Long-segment congenital tracheal stenosis requires sur-
gical repair; the options include pericardial tracheoplasty,
tracheal autograft, tracheal resection, and/or slide tracheo-
plasty. Slide tracheoplasty is advantageous because it avoids
the use of graft material, has a high early-extubation suc-
cess rate, and is associated with better long-term out-
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Table 1.  Chronology of Ventilation and Blood Gas Values
Postoperative PIP PEEP Resggf‘etory . . P.co, P,
Day (cm H,0) (cm H,0) (breaths/min) 10, p (mm Hg) (mm Hg)
0 24 4 30 0.60 7.32 48 150
1 26 4 30 0.60 7.38 43 120
7.20 111 129
2 ND ND ND ND 7.34 72 285
5 ND ND ND ND 6.90 130 236
6 30 8 25 0.60 7.38 68 35
20 5 10 0.60 7.45 46 49
12 6 5 5 0.40 7.46 48 45
13 12 5 10 0.50 7.38 49 57
Mean Airway Pressure Frequency P.co, P.o,
(cm H,0) (Hz) Power Fio, pH (mm Hg) (mm Hg)
14 15 6 5.0 0.60 7.54 37 58
15 20 8 5.0 0.60 7.54 38 57
18 20 6 2.8 0.40 7.42 32 199
19 26 6 4.0 0.60 7.38 46 99
Respiratory
PIP PEEP Rate Fio, oH P.co, P.o,
(cm H,0) (cm H,0) (breaths/min) % (mm Hg) (mm Hg)
24 24 10 20 0.60 7.51 37 184

PIP = peak inspiratory pressure
ND = no data available

comes.”-8 However, despite improvements in surgical tech-
niques, slide tracheoplasty has risks for important
complications.®

We report successful management of a patient with uni-
lateral (right) pulmonary agenesis and long-segment tra-
cheal and left bronchial stenosis, and who had tracheal
dehiscence of the anastomosis site following slide tracheo-
plasty.

Case Report

This study was approved by the institutional review
board of Cincinnati Children’s Hospital Medical Center,
Cincinnati, Ohio. The study was not categorized as human
research, so informed consent was deemed unnecessary.

A female infant delivered at 36 weeks gestational age
had respiratory distress shortly after birth. Breath sounds
were absent over the right lung, and she had an imperfo-
rate anus. Workup revealed agenesis of the right lung,
long-segment congenital tracheal stenosis, external com-
pression of the trachea by the aorta and aortic arch, dex-
trocardia, a patent ductus arteriosus, an atrial septal defect,
and VACTERL association.

In the immediate neonatal period she underwent a co-
lostomy, requiring 3 days of high-frequency oscillatory
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ventilation (HFOV) postoperatively. She was extubated to
nasal CPAP and then transitioned to supplemental oxygen
via nasal cannula. She was then transferred to our institu-
tion for further evaluation and management of long-seg-
ment tracheal stenosis.

At 5 weeks of age she underwent a slide tracheoplasty,
extending from the 3rd tracheal ring down the left main
bronchus to the bifurcation of the left upper and lower
lobes. Surgery, via mid-sternotomy, used cardiopulmonary
bypass support via direct cardiac cannulation. Table 1 shows
the chronology of ventilation and blood gas values. Post-
operatively she was ventilated (Servo-i, Maquet, Bridge-
water, New Jersey) with pressure control synchronized
intermittent mandatory ventilation for strict control of peak
inspiratory pressure (PIP). Ventilator settings were
PIP 26 cm H,O, PEEP 4 cm H,O, and respiratory rate
30 breaths/min.

On postoperative day 2 she was extubated but quickly
developed respiratory distress. Despite high-flow nasal can-
nula therapy, nasal-mask CPAP, and bronchodilator ther-
apy, she required re-intubation. Flexible bronchoscopy re-
vealed thick secretions, tracheal-wall edema, and
obstruction at the repaired tracheo-bronchus and her hyp-
oplastic left-sided bronchi. A PEEP of §—-10 cm H,O was
required to maintain airway patency.
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Fig. 1. A: Bronchoscopic view through the anastomosis defect on
the left side of the trachea shows the tracheal lumen (t) and the
mediastinum (m). B: Bronchoscopic view of the distal extent to the
anastomosis (dotted lines) where it tapers together before the at-
tachment to the left main bronchus. Note the “funnel” effect as the
larger trachea attaches to the hypoplastic bronchus, and the mu-
cosal erosion and exposed cartilage (c).

After re-intubation she was ventilated with pressure con-
trol synchronized intermittent mandatory ventilation,
PIP 27 cm H,O, PEEP 8 cm H,O, and respiratory rate
30 breaths/min. Repeated episodes of poor chest-wall ex-
cursion and hypercarbia required higher ventilator settings
and frequent manual ventilation and suctioning. Daily flex-
ible bronchoscopies revealed persistent edema that contin-
ued to obstruct her small bronchi.

On postoperative day 5 she had an acute desaturation
event that required manual bag ventilation. Assessment
revealed absent air entry over the left hemithorax. Brady-
cardia required chest compressions and a dose of epineph-
rine, and needle decompression was immediately per-
formed. Radiograph showed a pneumothorax, and flexible
bronchoscopy revealed dehiscence of the mid-portion of
the tracheal anastomosis, with denudation of tracheal mu-
cosa overlying the distal extent of the repair (Fig. 1).

In view of the tracheal dehiscence, ongoing hypercar-
bia, and brisk air leak, yet uncompromised cardiac func-
tion, we started veno-venous ECMO for respiratory sup-
port. The ECMO was via neck cannulation with a 12 French
dual-lumen venous cannula. We used a perfusion pump
(Stockert SIIT Heart Lung System, Sorin Group, Arvada,
Colorado) and a silicone membrane (Medtronic, Minne-
apolis, Minnesota). The initial pump flows were 0.44 L/
min or 125 mL/kg/min, with an oxygen concentration of
0.70% to the membrane, and 2 L/min sweep gas flow. The
ECMO settings were per our institutional standard proto-
col to maintain activated clotting time of 225-245 sec-
onds, hematocrit = 35%, fibrinogen = 150 g/L, platelet
count = 100,000/uL, and mean arterial pressure
= 50 mm Hg.

While on veno-venous ECMO she had poor oxygen-
ation despite inhaled nitric oxide and a high Fi5 . On post-
operative day 6, to optimize her oxygenation and facilitate
airway healing, we switched her to veno-arterial ECMO
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Fig. 2. A: Bronchoscopic view of the mid-trachea at the site of the
previous dehiscence (x). There is mild figure-of-eight deformity
giving a “dumbbell” shape to the tracheal lumen, which continued
to improve without invention. The left-lower-lobe bronchus is hy-
poplastic and compressed (LLL). B: Resolution of the mucosal
edema and clearance of secretions improved the visualization of
the left-side bronchi.

and used the same perfusion pump, a 10 French arterial
neck cannula, and a single-lumen 14 French venous can-
nula. After she stabilized on veno-arterial ECMO, we dis-
continued the nitric oxide and removed the endotracheal
tube to avoid any further trauma to the compromised slide
tracheoplasty.

She underwent veno-arterial ECMO for 5 days, with an
oxygen concentration of 60% to the membrane, and a
sweep gas flow of 0.8 L/min. Flexible bronchoscopy on
postoperative day 12 revealed complete healing (Fig. 2).
We re-intubated and placed her on resting ventilator set-
tings: PIP 6 cm H,O, PEEP 5 cm H,O, respiratory rate
5 breaths/min. Over the next 48 hours we gradually in-
creased the ventilator settings to condition her airway to
positive airway pressure. We exercised great caution to
safeguard against further dehiscence and to protect her one
functional lung. During this period she required repeated
suctioning of secretions via flexible bronchoscope and di-
rect bronchial instillation of exogenous pulmonary surfac-
tant (Calfactant, Forest Pharmaceuticals, St Louis, Mis-
souri). Once the ventilator settings reached PIP 13 cm H,O,
PEEP 10 cm H,O, and respiratory rate 10 breaths/min, we
began the process of lung recruitment.

On postoperative day 14 we transitioned her to HFOV
(3100A oscillator, SensorMedics, Yorba Linda, Califor-
nia) with mean airway pressure 15 cm H,O, frequency 6 Hz,
and power 5.0. Lung-recruitment maneuvers were per-
formed every 2 hours with a mean airway pressure of
25 cm H,O for 35 seconds. We incrementally increased
the HFOV settings to final settings of mean airway pres-
sure 20 cm H,O, power 4.0, and frequency 6 Hz. These
settings were well tolerated.

As the lungs were recruited we weaned the ECMO flow
t0 0.09 L/min or 25 mL/kg/min, and created a shunt through
the bridge to increase flow through the circuit while re-
stricting flow to the patient. The ECMO circuit blender
was decreased to room air, and the sweep gas flow was
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decreased to 0.2 L/min. On postoperative day 19, we de-
cannulated her from ECMO. She remained on HFOV for
an additional 5 days before transitioning to conventional
mechanical ventilation. She was successfully extubated on
postoperative day 39, transferred out of the ICU on post-
operative day 43, and discharged home on postoperative
day 55.

Discussion

This case provides a look at an unusual patient with
long-segment congenital tracheal stenosis and unilateral
pulmonary agenesis. Our management involved 2 unique
strategies: extubation while on ECMO, and lung-recruit-
ment maneuvers.

Long-segment congenital tracheal stenosis interventions
include pericardial tracheoplasty, tracheal autograft, tra-
cheal resection, and slide tracheoplasty.'?-!2 Surgeons at
our facility advocate slide tracheoplasty repair because it
uses the patient’s own tissue and improves the chance of
successful early extubation.! This is the first tracheal de-
hiscence at our institution, after a cumulative experience
of over 110 slide tracheoplasties.

Early extubation is practiced because the patient’s air-
way will be more stable and at its widest diameter after the
slide tracheoplasty procedure.?7-!2 Successful extubation
within 48 hours of surgery has occurred in over 52% of
our long-segment congenital tracheal stenosis patients, re-
ducing the need for sedation and paralysis that would be
given to protect an intubated patient’s airway.'? It also
reduces the risk of wound necrosis or dehiscence caused
by the endotracheal tube lying on a fresh anastomosis.’

Despite our experience and the fact that our patient had
not been mechanically ventilated since her colostomy, per-
sistent respiratory insufficiency made early extubation un-
successful.'? Her narrowed distal airways made her sus-
ceptible to mucus plugging and difficult to ventilate; she
required frequent suctioning and daily secretion removal
via flexible bronchoscopy.

Intraoperatively, the surgeon “leak tests” the tracheal
anastomosis at 35 cm H,0.1%-13 We attempted to keep the
airway pressure below 35 cm H,O, but her ongoing issues
with poor chest movement, hypercarbia related to airway
narrowing, and excessive secretions necessitated multiple
episodes of bag ventilation.

Tracheal dehiscence is rare, life-threatening, a major
concern for surgeons performing reconstructive surgeries,
and requires rapid intervention.'>!415 Since ECMO has
been used to manage long-segment congenital tracheal ste-
nosis before, and our options were limited, we placed our
patient on ECMO and extubated to remove the risk of the
tube contacting the anastomosis.

Perioperative ECMO for tracheal surgery has been de-
scribed by Hines and Hansell.'® Goldman et al'” and Ja-
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cobs et al'® used ECMO in the preoperative phase. One of
their patients with long-segment congenital tracheal ste-
nosis had a tracheal dehiscence and died from mediastini-
tis. Kunisaki et al'® and Huang et al?° used ECMO as a
bridge to airway surgery. Clearly, ECMO management of
tracheal stenosis is not new,?! and the Extracorporeal Life
Support Organization’s registry data from 2007 to 2010
includes 21 patients who underwent ECMO for tracheal
stenosis during that period. The registry data does not
specify if those uses of ECMO were preoperative or post-
operative, but of those 21 patients, 5 were on veno-venous
ECMO, 16 were on veno-arterial ECMO, and the survival
rate was 57%.%?

Despite risks of bleeding, sepsis, and death associated
with ECMO, it seemed to be a reasonable option in our
patient because it allowed her airway to recover from the
excessive airway pressure needed to adequately ventilate
her.2?> Once optimized on ECMO, she was extubated to
remove any tracheal pressure from an endotracheal tube,
reduce the risk of further dehiscence, and facilitate heal-
ing. There have been isolated reports of pediatric and adult
patients extubated on ECMO, with good outcomes. Our
report is the first in which the extubation was after slide
tracheoplasty.?+23

ECMO without positive-pressure ventilation resulted in
depletion of lung surfactant and complete lung collapse.?®
Once her airway healed, we began lung recruitment. Our
choice of lung recruitment depended on our patient’s air-
way to tolerate positive airway pressure associated with
recruitment maneuvers. Recruitment maneuvers can be per-
formed manually with an anesthesia bag or a mechanical
ventilator, and have been found to be safe in critically ill
children with sustained inflations at 30—40 cm H,O for
15-20 seconds after ventilator disconnections, suctioning,
hypoxemia, or routinely every 12 hours.?’

Surveys of pediatric and neonatal ICUs describe the use
of PEEP, PIP, or a combination of both, and complications
are rare with the exception of transient hypotension and
desaturation episodes.?® Another lung-recruitment option
is HFOV with incremental increases in mean airway pres-
sure to achieve the desired oxygen saturation or lung in-
flation on chest radiograph.?® Goldman et al used HFOV
to facilitate lung recruitment after repair of long-segment
congenital tracheal stenosis,'® and HFOV appeared to be
beneficial during ECMO.

In comparison to the recruitment options described
above, our strategy was very conservative, due to concern
that higher peak pressure would result in another dehis-
cence. We opted for “gentle” ventilation, flexible bron-
choscopy with suctioning, and surfactant instillation. Once
we reached a certain pressure threshold, we did not want
to expose her airway to the wide pressure swings required
before her dehiscence, which could have harmed the anas-
tomosis, so we transitioned to HFOV.
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On HFOV we slowly increased the mean airway pres-
sure from 15 cm H,O to 20 cm H,O to optimize lung
expansion while she was being supported on ECMO. While
she was on both HFOV and ECMO (postoperative days 15—
17), every 2 hours we administered sustained inflations at
25 cm H,O for 35 seconds. After ECMO decannulation we
continued using a conservative ventilation strategy, keep-
ing her on HFOV for 5 days before transitioning to con-
ventional ventilation.

Selective use of ECMO, extubation, and slow lung re-
cruitment following tracheal dehiscence avoids some of
the risks associated with the standard therapy (mechanical
ventilation and aggressive suctioning) and may be useful
for rescue therapy when such complications arise.
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