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INTRODUCTION

Venovenous extracorporeal membrane ox-
ygenation (VV ECMO) has been well de-
scribed to manage acute respiratory distress 
syndrome (ARDS) (1). The onset of ARDS 
in the setting of H1N1 influenza is often 
hyper-acute, requiring emergent ventilato-
ry support and, in severe cases, ECMO can-
nulation. 
In the setting of emergent intubation, tra-
cheal injury is a rare but catastrophic com-
plication, occurring in 1 in 20,000 endotra-
cheal intubations (2). Historically, urgent 
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ABSTRACT

Tracheal injury is a rare but highly morbid complication of endotracheal intubation. Recent reviews have ad-
vocated conservative management of these injuries without operative intervention. Extracorporeal membrane 
oxygenation may be a useful tool in non-operative management of tracheal injury in the setting of severe 
respiratory failure and need for prolonged intubation. We present a morbidly obese 33 year-old-female with 
H1N1 influenza pneumonia complicated by acute respiratory distress syndrome and bacterial super-infection 
who sustained a post-intubation tracheal injury. Concomitant tracheal injury and acute lung injury pose a dif-
ficult ventilation dilemma. This patient was successfully managed by venovenous extracorporeal membrane 
oxygenation, high frequency oscillator ventilation, proning position and tube thoracostomy. The venovenous 
extracorporeal membrane oxygenation and ventilator management were essential for this patient’s recovery.

Keywords: ECMO, tracheal injury, H1N1 influenza, traumatic intubation.

surgical intervention has been the mainstay 
of management of post-intubation tracheal 
injury. However, more recent reviews advo-
cate a conservative approach, especially in 
patients who will require prolonged venti-
lation due to underlying pulmonary pathol-
ogy (3, 4). 
Our case demonstrates successful manage-
ment of concomitant tracheal injury and 
H1N1 influenza complicated by bacterial 
super-infection with VV ECMO supple-
mented by high-frequency oscillator venti-
lation (HFOV), prone positioning, and tube 
thoracostomy in an adult patient.

CASE REPORT

A 33 year-old previously healthy, morbid-
ly obese (body mass index 40, body weight 
98 kg, height 157 cm) female presented 
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to an outside emergency department with 
progressive dyspnea and malaise. In the 
emergency department, she rapidly devel-
oped acute hypoxic respiratory failure with 
bilateral infiltrates on chest x-ray (Figure 
1A). She deteriorated and was emergent-
ly intubated. Post-intubation chest x-ray 
showed the endotracheal tube in the right 
main stem bronchus (Figure 1B), requir-
ing adjustment (Figure 1C). She remained 
hypoxic and was transferred to a tertiary 
center for ARDS management. At arrival, 
she was hypoxic (arterial blood gas was pH 
7.18, PaCO2 58, PaO2 52, saturation 78%), 
despite fractional inspiratory oxygen 
(FiO2) of 100%, tidal volume (TV) 600 ml, 
respiratory rate of 20 positive end expira-
tory pressure (PEEP) of 20 mm H2O with 
paralysis and Epoprostenol (50 ng/kg/
min) support. Failed medical management 
necessitated urgent VV ECMO using a 
bi-caval dual lumen cannula (Maquet, Ra-
statt, Germany) via the right internal jug-
ular vein, after we obtained consent from 
her family. Her oxygenation improved (pH 

7.35, PaCO2 31, PaO2 176 and saturation 
>99%) with VV ECMO flow of 4 LPM, 
sweep of 6 LPM and FiO2 100%. The pa-
tient was found to be positive for H1N1 
influenza with super imposed methicil-
lin-sensitive Staphylococcus aureus (MSSA) 
pneumonia; Tamiflu (75 mg q12 hours) 
and broad-spectrum antibiotic coverage 
with vancomycin (1.5 gram q12 hours, ti-
trate by the rough level 15-20 mg/L) and 
piperacillin/tazobactam (3.375 gram q8 
hours) were initiated. 
Ventilator settings were changed from con-
ventional mode (TV 600 ml, rate 20, FiO2 
100%, PEEP 20) to ARDSNet protocol, 
with 300cc TV (TV=4-6 ml/kg, based on 
an ideal body weight of 55 kg), respiratory 
rate 10, and FiO2 of 100% with PEEP 10 
for lung protection. Peak airway pressure 
and mean airway pressure remained ele-
vated (58 cm H2O and 15 cm H2O respec-
tively). Post-ECMO chest x-ray showed a 
loculated lower left pneumothorax, treated 
immediately with bedside thoracostomy 
tube placement (Figure 1D). On the follow-

Figure 1 - Series of the chest 
x-rays of the patient. Initial 
radiograph upon presenta-
tion showed bilateral infil-
trates (1A). Post intubation 
x-ray shows endotracheal 
tube in the right main stem 
bronchus (1B). After repo-
sitioning the endotracheal 
tube, there is the progression 
of the bilateral infiltrations 
(1C). Post ECMO cannula-
tion at arrival to our facil-
ity, there is a large loculated 
pneumothorax in the left 
thorax (1D).
ECMO = extracorporeal 
membrane oxygenation.
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ing day, bronchoscopy (Figure 2) showed a 
3-4 cm injury of the posterior membranous 
trachea approximately 1 cm above the ca-
rina, confirmed by computed tomography 
(Figure 3). Thoracic surgery was consulted 

for evaluation of the trachea injury, but the 
patient was deemed a poor surgical candi-
date due to severe ARDS requiring ECMO 
with high positive pressure ventilation. The 
patient began to show failure of ARDSnet 
conventional ventilation (TV = 220-330 cc 
PEEP 10) with worsening air leak around 
the endotracheal tube despite of inflation of 
the cuff, air leak from the chest tube, pneu-
mothorax, pneumomediastinum, and CO2 
retention (ABG: pH 7.29, PaCO2 59, PaO2 
147 and saturation 99%); high frequen-
cy oscillatory ventilation (HFOV, setting 
mean airway pressure 18 cm H2O, ampli-
tude (∆P) 75 cm H2O. frequency 5 Hz, FiO2 
50%.) was initiated. Pneumothorax, pneu-
momediastinum and chest tube air leak im-
proved, as well as the ABG was improved 
with the HFOV (pH 7.37, PaCO2 39, PaO2 
116, saturation 99%). 
The tracheal tear was evaluated daily by 
bronchoscopy with airway lavage to pre-
vent mucous accumulation. With pneumo-
thorax, pneumomediastinum, and air leak 
from the chest tube stabilized, on ECMO 
day 14 and 11 total days of HFOV support, 
the patient was successfully weaned back 
to ARDSNet protocol ventilation from 
HFOV. With ongoing poor lung recruit-
ment and progression of pulmonary infil-

Figure 2 - Bronchoscopy confirms membranous 
defect 1 cm above the carina.

Figure 3 - Axial (A) and sagittal (B) computed tomography images demonstrating 3-4 cm defect in 
posterior membranous trachea (arrow).
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trate, the patient was transitioned to prone 
position ventilation, using the automated 
RotoProne system (KCI, San Antonio, TX). 
In prone position, ABG improved to pH 
7.46, PaCO2 34, PaO2 105, saturation 98% 
from pH 7.41, PaCO2 43, PaO2 67, satura-
tion 93% while in supine. Per protocol, the 
patient was continually rotated to at least 
40 degrees for a minimum of 18 hours per 
day with a maximum prone interval of 3 
hours and 15 minutes, interrupted with 45 
minutes periods of supine positioning for 
general nursing care and to minimize facial 
edema. 
The patient’s sedation was maintained 
with ketamine, fentanyl, and midazolam 
and she was paralyzed with rocuronium. 
Enteral nutrition was continued while the 
patient was paralyzed through a post-pylor-
ic nasal-duodenal tube to minimize risk for 
aspiration.
The patient’s pulmonary status improved 
with prone positioning after 6 days and she 
was successfully weaned and decannulated 
from VV ECMO on day 20. 
At the time of decannulation, bronchos-
copy showed improvement of the tracheal 
injury and esophagogastroscopy confirmed 
no communication with the esophagus. On 
day 5 post-decannulation, the patient had a 
tracheostomy and gastrostomy tube placed 
for long-term ventilation weaning. On day 
20 post decannulation, she was tolerating 
tracheostomy collar and transferred out of 
the intensive care unit to the ward. On day 
28 post-decannulation, the patient under-
went swallow evaluation and was cleared 
for a diet, tolerating a Passy-Muir valve 
(Passy-Muir, Irvine, CA). 
The patient worked well with physical 
therapy, ambulating with assistance and 
was transferred to a rehabilitation facility 
on post decannulation day 48. 
The data presented in this paper was col-
lected under approval from Thomas Jeffer-
son University Internal Review Board.

DISCUSSION

Concurrent acute hypoxic respiratory fail-
ure secondary to infection with H1N1 in-
fluenza and post-intubation tracheal injury 
pose a difficult management dilemma due 
to the requirement for long term positive 
pressure ventilation. During endotracheal 
intubation, superficial mucosal tears occur 
in 18% of patients; however, full thickness 
post-intubation tracheal injury like this 
case is rare. Patient risk factors for post-in-
tubation tracheal injury include female gen-
der, short stature (≤160 cm tall), difficult 
airway anatomy, underlying connective 
tissue disorder and mechanical risk factors 
include use of rigid stylet, inadequate intu-
bation tube size, cuff over-inflation, emer-
gent intubation, and intubation by non-an-
esthesiologists. Our patient filled many of 
these criteria. Emergency intubation and 
delayed diagnosis have been identified as 
independent risk factors for mortality after 
post-intubation tracheal injury (2). Initial 
presentation is most often characterized 
by subcutaneous emphysema, pneumotho-
rax, persistent air leak and hemoptysis-less 
commonly pneumomediastinum, angina, 
hypotension and shock (2, 4). Pneumotho-
rax and pneumomediastinum first aroused 
suspicion for tracheal injury in our patient.
ECMO management for isolated tracheal 
injury has been previously described, in 10 
published reports - 4 pediatric patients and 
6 adults (Table 1) (5-14). Early reports uti-
lized veno-arterial cannulation, but the ma-
jority of patients had isolated pulmonary 
failure secondary to tracheal tear, requiring 
only VV ECMO. The majority of iatrogenic 
injuries resulted in a distinct longitudinal 
injury to the membranous portion of the 
trachea, as opposed to blunt chest trauma 
that resulted in transverse injury with ir-
regular borders (3). Blunt chest trauma 
usually required surgical repair, likely due 
to the nature of tracheal injury especially if 
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Table 1 - Summary of case reports of tracheal injuries managed by extracorporeal membrane oxygenation.

Authors 
(year)

Age 
(gender)

Mechanism 
of injury

Characterization of 
injury (size)

Type of 
ECMO

Duration of 
ECMO

Adjunct 
therapy

Surgical 
repair

Niwa 
(1995) 

39 years 
(Male)

Tracheal stenting 
with rigid 
bronchoscopy 
for polychondritis 
stricture

Longitudinal tear (5cm) 
in membranous trachea 
extending to left main 
stem bronchus

VA 6 days None Yes

Goldman 
(1996) 

13 months 
(NA)

Aspirated porcelain 
foreign body

Longitudinal tear (NA) 
in membranous trachea 
from cricoid cartilage to 
right lower lobe bronchus

VA 17 days HFOV Yes

Voelckel
(1998) 

12 years 
(Male)

Blunt chest trauma 
by falling tree

Tear (NA) in lateral wall 
of distal trachea to the 
right main stem bronchus

VV 6 days None Yes

Campione 
(2007) 

14 years 
(Male)

Blunt chest trauma 
during go-cart race

Transverse (NA) 
disruption in the right 
intermediate bronchus

VV 3 days None Yes

Madershahian 
(2007) 

19 years 
(Female)

Blunt chest trauma 
from motor vehicle 
accident

Rupture (NA) of right 
main stem bronchus

VA 6 days None Yes

Korvenoja 
(2008)

56 years 
(Female)

Elective dual lumen 
intubation for 
pneumonectomy

Longitudinal tear (3cm) 
in membranous left main 
stem bronchus extending 
from carina to left upper 
lobe bronchus

VV 48 minutes None Yes

Fitzgerald 
(2011) 

7 years 
(Male)

Emergent intubation 
for aspiration 
pneumonia

Diverticulum 
(2.2x0.7x1cm) in distal 
membranous trachea 
with distal discontinuity 
(0.6x0.8cm)

VV 16 days HFOV No

Walker 
(2012)

20 years 
(Male)

Blunt chest trauma 
from motor vehicle 
accident

Transection right main 
stem bronchus

VV 2 days None Yes

Mitilian 
(2013) 

41 years 
(Male)

Tracheal stenting 
for polychondritis 
stricture

Tear (NA) of 
membranous trachea from 
carina to bilateral main 
bronchi

VV 14 days None No

Sian 
(2014) 

34 years 
(Female)

Emergent intubation 
for drug overdose

Tear of membranous 
trachea extending to right 
main stem bronchus

VV NA None Yes

Current 33 years 
(Female)

Emergent intubation 
for ARDS due 
to H1N1and 
overlapping bacterial 
pneumonia

Longitudinal tear (3-4cm) 
in distal membranous 
trachea

VV 20 days HFOV, 
prone 
position

No

ARDS = acute respiratory distress syndrome; ECMO = extracorporeal membrane oxygenation; NA = not available; VA = 
venoarterial; VV = Venovenous; HFOV = high frequency oscillatory ventilation.
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anticoagulation and ECMO is required for 
support (7, 9-12). In these papers ECMO 
support varied from 48min to 20days (Ta-
ble 1). Although there is likely publication 
bias, the results from these isolated reports 
show ECMO to be a promising strategy for 
tracheal injury with potential for positive 
outcomes. 
Retrospective review has shown a two-fold 
increase in mortality for surgical manage-
ment of tracheal injuries detected outside 
the operating room (2). Conservative man-
agement strategies include low tidal volume 
ventilation, permissive hypercapnia, endo-
tracheal tube fixation in the distal trachea, 
double lumen intubation, daily bronchosco-
py, HFOV, and even ECMO, as in our case 
(4). Early reports utilized these strategies 
only as a bridge to definitive surgical man-
agement. However, current strategies have 
shifted to reserve surgery only for cases 
that have failed conservative management 
- signified by worsening mechanical venti-
lation requirements, uncontrolled air leak, 
and active endobronchial bleeding (3, 4). 
Surgery for patients requiring ECMO poses 
added risk due to anticoagulation require-
ments. Conservative therapy is particularly 
successful in small injuries, less than 2 cm, 
with minimal non-progressive symptoms, 
and no air leakage on spontaneous breath-
ing (2). 
VV ECMO provides oxygenation and ven-
tilation allowing for minimal ventilatory 
support and reduced associated baro- and 
volu-trauma to the injured bronchial tree. 
However, VV ECMO requires the lungs 
to participate in the oxygenation process. 
Failed oxygenation on VV ECMO may 
require transition to VA ECMO in order 
to fully rest the lungs and bronchial tree. 
In our case, VA ECMO was not ideal due 
concern to increased infectious risk with 
femoral cannulation in an morbidly obese 
patient. In combination with VV ECMO, 
rescue ventilation therapies may further 

minimize barotrauma to the injured tra-
chea (6, 11). Important adjunct therapies to 
aid in the healing of the tracheal injury in 
our patient were prone position ventilation 
and high frequency oscillatory ventilation. 
A recent randomized control trial showed 
the benefit of prone positioning on survival 
in ARDS, but evidence for use with HFOV 
and concomitant tracheal injury is limited 
(15).
Tracheal injury, especially in the setting of 
underlying severe lung injury, is rare and 
has a high mortality rate. The management 
has evolved over time, with a movement 
toward conservative management due to 
the high morbidity and mortality associ-
ated with surgical repair. Here we present 
a conservative management strategy that 
incorporates the newest advances in pul-
monary critical care, and the first report of 
successful management of an adult patient 
with concomitant ARDS, MSSA super-in-
fection and post-intubation tracheal injury 
with VV ECMO, HFOV and prone position 
ventilation. 
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