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OBJECTIF
• Apprendre les techniques d’intubation sélective

in the membranous portion of the trachea and extended to the
left main bronchus. The tracheobronchial rupture was repaired,
and the patient was weaned from cardiopulmonary bypass and
remained sedated and intubated on admission to the intensive
care unit, successfully surviving the surgical repair.
In the intensive care unit, fiberoptic bronchoscopy examina-

tion was used every other day to examine the surgical repair.
On postoperative day 7, the tracheobronchial rupture was noted
to be completely healed. The patient’s recovery was compli-
cated by a stroke postoperatively. She was weaned off the
ventilator over the next 14 days and discharged to a nursing
care facility on postoperative day 32. She ultimately expired 8
months postoperatively from an unrelated cause.

DISCUSSION*†

Tracheobronchial rupture is defined as any injury to the
trachea and bronchi localized between the level of the cricoid
cartilage and the division of the lobar bronchi into their seg-
mental branches.1 The number of noncardiac thoracic surgical
operations has dramatically increased in recent years and is
expected to increase further in the future. Double-lumen endo-

bronchial tubes have been widely used in those thoracic cases
and other cardiovascular cases. There are complications asso-
ciated with the placement of double-lumen endobronchial
tubes. In 1 study, the frequencies of specific complications
were decreased oxygen saturation, 9%; increased airway pres-
sures, 9%; poor lung isolation, 7%; air trapping, 2%; and
airway trauma 0.4%.3
Tracheobronchial rupture is a rare complication of both

single-and double-lumen endobronchial intubation. It may also
be caused by other factors, such as blunt thoracic trauma,4-6
explosion injuries, and penetrating or gunshot wounds.1 The
contributing factors during endotracheal intubation include op-
erator errors (multiple attempts, inexperienced physicians),
equipment selection (inappropriate use of stylets, cuff overin-
flation, malposition of the tube, improper tube size), and patient
actions (abrupt movements, excessive coughing).7-10 Other risk
factors contributing to the tracheobronchial injuries include
older age females (!50 years), critical illness, steroid use,
chronic obstructive pulmonary disease, tracheomalacia, and
young teenagers.2,6,11 The most involved injury sites are the
membranous portions of the trachea and the carina.2

Fig 1. (A) After intubation, fiberoptic bronchoscopic examination showed the traceobronchial injury at the membrane portion of the trachea
extended to the left main bronchus. The arrow indicates the injury site. L, left main bronchus; R, right main bronchus; C, carina. (B) The enlarged
picture focused on the injury site.

Fig 2. (A) This picture was taken after the surgical repair of the tracheobronchial injury. The arrow indicates the repair site. L, left main
bronchus; R, right main bronchus; C, carina. (B) The enlarged picture focused on the injury site.
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Tracheobronchial ruptures resulting from endotracheal intu-
bation are rare but may be life-threatening.1 Immediate recog-
nition and adequate treatment are very important in managing
this potentially fatal situation. Diagnosis of such conditions is
difficult and thus a high level of suspicion must be maintained
when presented with the classic symptoms of mediastinal and
subcutaneous emphysema and respiratory distress.2 The authors
report a case of tracheobronchial rupture after double-lumen
endobronchial intubation and its diagnosis and treatment.

CASE REPORT*†

A 76-year-old white woman with a history of lung cancer
was scheduled for left lower lobectomy in November 2000. The
patient was 142-cm tall and weighed 39.2 kg; her medical
history included idiopathic hypertrophic subaortic stenosis,
coronary artery disease with a myocardial infarction in 1998,
hypertension, cardiomyopathy, cerebrovascular disease with 2
strokes, peripheral vascular disease, hypercholesterolemia, hy-
perparathyroidism, chronic obstructive pulmonary disease,
breast cancer with lung metastasis, and rheumatoid arthritis.
Her past surgical history included appendectomy in 1945, hys-
terectomy in 1966, abdominal aortic aneurysm repair in 1998,
and parathyroidectomy in 1998. She had bronchoscopy and
mediastinoscopy 2 weeks before admission for the current
surgery. The result of this bronchoscopy was left lower lobe
adenocarcinoma, and the result of mediastinoscopy was nega-
tive. The patient had a history of cigarette smoking of one pack
per day for 40 years. Medications included atenolol, lipitor,

isosorbide, metachlopramide, and colace. The patient had al-
lergies to sulfa and penicillin. The patient received a complete
cardiovascular workup before surgery. A persantine-thallium
test showed mild ischemia in the distribution of the left anterior
descending area and a left ventricular ejection fraction of 80%.
A coronary artery angiogram showed 30% stenosis in the right
ventricular branch, 40% stenosis in the posterior descending
artery of the right coronary artery, a normal left coronary
arterial system, and 30% to 40% stenosis of the third diagonal
branch. Carotid duplex examination showed 99% occlusion of
the left carotid artery and 16% to 49% occlusion of the right
carotid artery. The pulmonary function test showed that the
forced expiratory volume in 1 second was at 82% predicted
value.
The patient was brought to the operating room after intrave-

nous administration of 1 mg of midazolam. Standard monitors
were placed. Two large-bore intravenous catheters were placed;
before induction, a radial arterial catheter was unsuccessfully
attempted. The patient was induced with 2 mg of midazolam,
250 !g of fentanyl, 100 mg of ketamine, and 7 mg of vecuro-
nium. A 37F left-sided double-lumen endobronchial tube was
placed by an experienced anesthesiologist. After intubation of
the trachea, the lung fields were auscultated to check for proper
placement. At this time, respiratory sounds were diminished on
the right side. A pediatric fiberoptic bronchoscope was used to
verify the double-lumen endobronchial tube placement.
Through the tracheal lumen, the right mainstem bronchus was
visible, but the bronchial lumen was contaminated with blood
and was poorly visible. At the same time, the patient’s oxygen
saturation decreased from 98% to 91%. The patient’s blood
pressure also decreased from 110 mmHg systolic to 90 mmHg
systolic, and the heart rate was 92 beats/min. Phenylephrine
was infused to maintain the blood pressure over 100 mmHg
systolic. The double-lumen endobronchial tube was removed,
and a size 8 single-lumen endotracheal tube was placed without
difficulty. The oxygen saturation remained in the low 90s. The
patient also presented with abdominal distention, and peak
airway pressure began to increase from 24 cmH2O to 38
cmH2O. At this time, an adult fiberoptic bronchoscope was
placed through the single-lumen endotracheal tube. A full-
thickness tracheobronchial injury was noticed at the membra-
nous portion of the carina (Fig 1), and the diagnosis of tracheo-
bronchial rupture was made. After discussion with the surgeon
and the patient’s family, the decision was made to repair the
tracheal injury through a right thoracotomy on cardiopulmo-
nary bypass (Fig 2). During the surgery, a rupture was noticed
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VivaSight-DL

Video intégrée dans la sonde d’intubation DL qui permet de voir en temps 
réel la position de la sonde lors de l’intubation puis une fois à la carène
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BPCO bullectomies



BPCO bullectomies
Bloquer évite de réintuber en fin d’intervention 
 des patients au sevrage potentiellement difficile



VivaSight + Bloqueur

Video intégrée dans une sonde d’intubation qui permet de voir en temps 
réel le bout de la sonde et le passage d’un bloquer à la carène
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Ventilation unipulmonaire

Roze et al. Anesthesiology 2011;114:167-74

Il faut perfuser au mieux du coté bien ventilé



Protocole de VUP
Ventilation unipulmonaire protectrice « petit » volume courant avec de la PEP 
Mode VC avec Vt 5 ml/kg PP, PEP 5 à 9 cmH2O, FR <20 
Monitorage de la Pplateau, de la PEEPi, de la Pression Motrice,  
ETCO2 limite variable, si besoin contrôle des GDS et pH>7,25



Les 2 modes VC et PC ne sont pas différents,  
ils délivrent la même pression bronchique 

et donc alvéolaire

RESPIRATION AND THE AIRWAY

Pressure-controlled ventilation and intrabronchial pressure
during one-lung ventilation†
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France. E-mail: hadrien.roze@chu-bordeaux.fr

Key points

† PCV may reduce peak
airway pressure when
compared with VCV
during one-lung
ventilation.

† This study compared
airway pressure in the
breathing circuit with
that in the dependent
lung bronchus during VCV
followed by PCV.

† PCV reduced both circuit
pressure and bronchial
pressure. The effect on
circuit pressure was much
larger in the circuit.

† Small reduction in
bronchial airway pressure
during PCV is probably
not clinically significant.

Background. Pressure-controlled ventilation (PCV) has been suggested to reduce peak
airway pressure (Ppeak) and intrapulmonary shunt during one-lung ventilation (OLV) when
compared with volume-controlled ventilation (VCV). At the same tidal volume (VT), the
apparent difference in Ppeak is mainly related to the presence of a double-lumen tracheal
tube. We tested the hypothesis that the decrease in Ppeak observed in the breathing
circuit is not necessarily associated with a decrease in the bronchus of the dependent lung.

Methods. This observational study included 15 consecutive subjects who were ventilated
with VCV followed by PCV at constant VT. Airway pressure was measured simultaneously in
the breathing circuit and main bronchus of the dependent lung after 20 min of ventilation.

Results. PCV induced a significant decrease in Ppeak [mean (SD)] measured in the breathing
circuit [36 (4) to 26 (3) cm H20, P,0.0001] and in the bronchus [23 (4) to 22 (3) cm H2O,
P¼0.01]. However, the interaction (ventilatory mode × site of measurement) revealed that
the decrease in Ppeak was significantly higher in the circuit (P,0.0001). Although the mean
percentage decrease in Ppeak was significant at both sites, the decrease was significantly
lower in the bronchus [5 (6)% vs 29 (3)%, P,0.0001].

Conclusions. During PCV for OLV, the decrease in Ppeak is observed mainly in the respiratory
circuit and is probably not clinically relevant in the bronchus of the dependent lung. This
challenges the common clinical perception that PCV offers an advantage over VCV during
OLV by reducing bronchial Ppeak.

Keywords: monitoring, ventilation; respiratory, mechanics; surgery, thoracic; ventilation,
one-lung
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During one-lung ventilation (OLV), oxygenation can present a
real challenge. The use of pressure-controlled ventilation
(PCV) has been suggested to reduce peak airway pressure
(Ppeak) and intrapulmonary shunt, thereby limiting the risk
of barotrauma and improving oxygenation, respectively.1 – 3

Compression of small intra-alveolar vessels during inflation
increases the resistance to pulmonary blood flow in the
dependent lung and can divert blood to the non-dependent
lung.4 However, this phenomenon is more closely related to
the mean airway pressure and more specifically to the
mean alveolar pressure.5 6 The potential benefits of PCV
over volume-controlled ventilation (VCV) during OLV remain
controversial, and recent studies have failed to demonstrate
an improvement in oxygenation when PCV is used.7 8 These

divergent results can be explained by the fact that PCV prin-
cipally induces a decrease in Ppeak, with a much smaller
effect on mean alveolar pressure.8 – 10 Moreover, pressure
measurements are usually recorded within the respirator
breathing circuit, proximal to the double-lumen tube (DLT),
and it is widely recognized that a substantial part of the
resistive pressure originates in the tracheal tube.11 Conse-
quently, at the same tidal volume (VT), the decrease in
airway pressure that is observed in the breathing circuit
and displayed on the ventilator monitor is not necessarily
associated with a decrease at the distal end of the DLT
within the main bronchus of the dependent lung.

We tested the hypothesis that the decrease in airway
pressure observed after a switch from VCV to PCV is
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Hypoxémie

Because the surgical procedure was a right open thoracot-
omy, it was not impeded by the application of CPAP to the
nondependent lung, which was stopped at the end of OLV.
The postoperative course of this patient was uneventful. He
did not exhibit any hypoxemia after tracheal extubation.

Discussion

Management of Intraoperative Hypoxemia
The first step when a patient suffers from hypoxemia (i.e., a
drop in pulse oxymetry less than 90%) during OLV is to stop
surgery, increase the inspired oxygen fraction to 100%, and
rapidly restore two-lung ventilation (TLV). That can be per-
formed with a manual reexpansion of the lung using the
hand bag with pure oxygen flow and an airway pressure lim-
ited valve between 20 and 30 cm H2O; the reexpansion of
the deflated lung is visual. Once acceptable oxygenation has
been restored, two simultaneous actions must be performed:
(1) a reversible cause of hypoxemia must be ruled out before
restarting surgery and (2) oxygenation of the patient must be
improved to prevent the recurrence of hypoxemia. Because
hypoxemia during OLV is mainly related to ventilator or
perfusion mismatch, strategies to restore oxygenation should
have two objectives: to improve alveolar ventilation and pul-
monary perfusion. The first consists of restoring alveolar ven-
tilation of the nondependent lung by applying oxygen infla-
tion with CPAP and of the dependent lung by performing a
recruitment maneuver and applying PEEP. Perfusion, on the
other hand, involves strategies to limit intrapulmonary
shunt: positioning of the patient (strict lateral decubitus po-

sition on the side of the dependent lung provides better ox-
ygenation than semilateral or even supine position), surgical
lung compression or clamping the pulmonary artery of the
nondependent lung, limitation of airways pressure of the
ventilated lung including limitation of intrinsic PEEP, and
the use of moderate VT (6–8 ml/kg) or pressure-controlled
ventilation. Some pharmacological treatments, such as nitric
oxide and almitrine, can also be used to decrease intrapulmo-
nary shunt. An algorithm for the treatment of hypoxemia
during OLV is summarized in figure 1.

Diagnosis of a Treatable Cause of Hypoxemia
Because dislodgment of the DLT is a common cause of hy-
poxemia, the first step is to check that the DLT is in the
correct position and to clear secretions or blood from the
tube or the respiratory tract. Initially, blinded bronchoaspi-
ration can be performed on both sides of the DLT. It is
sometimes sufficient to clear proximal secretions and blood.
Clinical examination of the correct position of the DLT with
auscultation and inspection of the DLT is necessary but
sometimes fails to identify DLT malpositioning. Conse-
quently, correct positioning of the DLT must be systemati-
cally confirmed by fiberoptic.1,2 Fiberoptic bronchoscopy
must be repeated once hypoxemia occurs or in the presence
of increased airways pressure. The DLT can be misplaced
leading to impaired oxygenation and inadequate lung sepa-
ration with high airway pressure or significant leak.2 Hemo-
dynamic conditions also need to be assessed. Although pa-
tients undergoing lung resection are vulnerable to fluid
overhydration, the maintenance of cardiac output, mainly by

Fig. 1. Algorithm recommended to be performed in case of hypoxemia during one-lung ventilation (OLV). CPAP ! continuous
positive airway pressure; DLT ! double lumen tube; FIO2 ! inspired fraction of oxygen; PEEP ! positive end-expiratory
pressure; PGI2 ! prostacyclin.
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Manœuvres de recrutement attention à l’effet hémodynamique pendant la procédure



Simulateur de ventilation

Au cours des ateliers vous pourrez ventiler, sur un 
simulateur de ventilation unipulmonaire, un patient 
obstructif.

www.sim-va.com

http://www.sim-va.com

