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Abstract
Independent Lung Ventilation (ILV) has been used in the critical 
care setting as a rescue therapy for differential lung disease. The 
purpose of anatomic separation of the lungs is to prevent blood, 
purulent secretions, or other debris from one lung from contaminating 
the other lung. Physiologic separation of the lungs allows different 
ventilator strategies to be applied to each lung. We report the case 
of the successful use of ILV in a man with congenital heart disease 
with severe right sided pulmonary hemorrhage in which the left lung 
was relatively disease-free. By use of high-pressure “open-lung” 
strategies applied to the right lung and moderate settings on the left 
lung, we were able to achieve recruitment of the right lung without 
over-distention and injury to the left lung. ILV can be considered in 
the critical care setting in patients with respiratory failure involving 
widely differential disease between the two lungs.
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needed to tamponade the right lung, a double lumen endotracheal 
tube was placed in the left mainstem bronchus for Independent 
Lung Ventilation (ILV). The occlusive balloon was inflated in the left 
mainstem to anatomically separate ventilation to the lungs, and each 
lumen was connected to a separate ventilator. Optimal placement of 
the side lumen oriented towards the right mainstem was confirmed 
by bronchoscopy daily. The differential disease is shown in the chest 
x-ray on the first day of ILV (Figure 1). During the three days of ILV, 
the less affected left lung was ventilated with conventional mechanical 
ventilation with a PEEP of 10cm H2O and apeak inspiratory pressure 
of 35cm H2O to achieve tidal volume of approximately 250ml. 
These moderately high settings applied to the less affected lung were 
required because of the patient’s obese body habitus. The right lung 
was first ventilated with conventional mechanical ventilation with 
a PEEP of 18cm H2O and peak inspiratory pressure of 35cm H2O, 

Case Report
A 22 year old man with a history of truncus arteriosus requiring 

several surgeries since infancy presented with chest pain and 
hemoptysis. He had undergone surgery one month prior to repair 
an aneurysmal graft from a previous aortic valve replacement. 
Computed tomography showed anterior mediastinal hematoma and 
right pleural hemothorax. His clinical condition deteriorated, and he 
required intubation and mechanical ventilation. The predominant 
source of bleeding was his right lung. Upon cardiac catheterization, 
all systemic vessels to the right lung were coil embolized. Gas 
exchange was suboptimal despite the application of escalating peak 
inspiratory pressures up to 45cm H2O and mean airway pressures up 
to 25cm H2O and 100% oxygen. Results of a representative arterial 
blood gas were pH 7.19 PaCO2 61mmHg, PaO2 62mmHg, and SaO2 
87% on 100% oxygen. Extracorporeal Membrane Oxygenation 
(ECMO) was considered, but contraindicated because of the risks of 
anticoagulation. Because of the differential requirement of pressure 
needed to recruit and ventilate each lung, and the high airway pressure 

         

Figure 1: Differential disease is demonstrated during the first day of ILV. 
There is right-sided pulmonary hemorrhage, and the left lung is relatively 
free of airspace disease. The double-lumen endotracheal tube is seen in the 
left bronchus. ILV is achieved with the balloon inflated in the left mainstem 
bronchus and the “eye” of the proximal lumen oriented towards the right 
mainstem bronchus.
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initially achieving close to zero tidal volume.Airway pressure release 
ventilation with a PEEP-high of 25cm H2O and a PEEP-low of 8cm 
H2O was used subsequently to increase the mean airway pressure 
for tamponade effect. Fraction of inhaled oxygen to both lungs 
was 1.0. Adequate gas exchange was achieved with those settings: a 
representative arterial blood gas from those three days was: pH 7.27, 
PaCO2 49mmHg, and PaO2 68mmHg. After two days of high mean 
airway pressure, tidal volumes from the right lung increased from 
zero to 100ml after he was changed back to conventional mechanical 
ventilation. Modest evidence of recruitment and air bronchograms 
are shown on the chest x-ray on the third day of ILV (Figure 2). 
Hemopneumothorax is also visible in the right lung, but it improved 
without evacuation four days later (Figure 3). After his right lung 
was recruited, he was changed back to a single lumen endotracheal 
tube, and managed with conventional mechanical ventilation. 
His respiratory status improved, but eventually developed further 
pulmonary hemorrhage, multiple organ failure and septic shock from 
coagulase negative staphylococcus infection.He eventually died of a 
recurrent massive pulmonary hemorrhage.

Discussion
Independent Lung Ventilation (ILV) was first described in 

anesthesia practice in 1931, and for the next several decades, it was 
mostly used for thoracic surgery procedures. In 1978, Carlon described 
the use of ILV in the critical care setting in cases of inhomogeneous 
distribution of pathologic abnormalities in the two lungs [1]. It has 
since been used to manage asymmetric parenchymal lung disease, 
pulmonary hemorrhage, single lung transplant, unilateral airway 
obstruction, and bronchopleural fistula [2]. In this case, ILV served 
the dual purposes of anatomic and physiologic separation of the 
lungs.

The goal of anatomically separating the two lungs is to avoid 
contamination of the healthy lung with blood, lavage fluid, or 
purulent secretions [3]. Indications for this technique in the ICU 
setting include massive hemoptysis [4], whole lung lavage techniques 
[5], and protection from interpulmonary aspiration [3]. In this 
patient, the balloon of the double lumen Carlens tube was inflated 
in the left mainstem bronchus to prevent contamination of the right 
lung with residual blood [6]. A definitive approach was also taken 
to identify and embolize the sources of bleeding by catheterization, 
as previously described [7]. Lung resection was considered [8], but 
the patient was not likely to survive the prolonged operation due to 
adhesions from multiple past thoracic surgeries.

Physiologic separation of the lungs allows application of different 
ventilator strategies to lungs with different pathophysiologic lesions. 
This strategy has been described in managing pulmonary contusion, 
single lung aspiration pneumonitis, pulmonary hemorrhage [3,9,10], 
complications of single lung transplants [11], and bronchopleural 
fistula [12]. Two general categories of pulmonary pathophysiology 
are diseases of low pulmonary compliance and diseases of high 
airway resistance. Diseases of low compliance include ARDS, 
pulmonary hemorrhage, pulmonary edema, and pneumonia.These 
illnesses are characterized by stiff, high elastance lungs with low 
functional residual capacity and fast pressure equilibration across the 
airways.Evidence based guidelines for ARDS management include 
high PEEP, low tidal volume, and high rate [13]. A healthy lung 
subjected to these settings would lead to over-distention, decreased 
compliance, and increased tissue work. Over-inflation also leads to 
increased areas of West Zone 1 ventilation where alveolar pressure 
exceeds pulmonary arterial and pulmonary venous pressure, causing 
dead space ventilation, increased pulmonary vascular resistance, and 
decreased pulmonary static compliance [14]. Diseases of high airway 
resistance include asthma, bronchiolitis, and chronic obstructive 
pulmonary disease.These illnesses are characterized by dissipation 
of applied inflation pressure in the upper airways (low dynamic 
compliance), slow pressure equilibration across the airways, small 
airway collapse, and air trapping.Ventilator strategies for diseases 
of increased resistance include low rate, long expiratory time, high 
peak inspiratory pressure to overcome proximal airway resistance, 
and PEEP to prevent airway collapse [15]. A healthy lung subjected to 
these settings would result in over-inflation, excessive tidal volumes, 
and the risk of pneumothorax.

In the present case, the stiff right lung was ventilated with an 
“open-lung strategy” including high PEEP, low tidal volume, and high 
rate, as well as airway pressure release ventilation. A limitation of this 
case is the modest evidence that ILV helped the patient substantially 
improve. However, this approach may have aided lung recruitment 
and minimized the progression of acute lung injury. Also, the high 
mean airway pressure may have helped to tamponade any residual 
bleeding. The patient’s clinical condition was grave enough to 
warrant consideration for ECMO, yet he improved while receiving 
ILV without ECMO.

There is only one known previous report on the use of ILV to 
treat pulmonary hemorrhage from a complication of congenital 
heart disease. In 2014, Murkute et al. reported an 8 year old with 
palliated congenital heart disease who developed bleeding from the 
endotracheal tube and infiltrates on radiography [16]. ILV was used 

         

Figure 2: Modest evidence of recruitment and air bronchograms are 
demonstrated on the third day of ILV.

         

Figure 3: Further evidence of lung recruitment and partial resolution of 
hemopneumothorax during the seventh day of ILV.
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to apply pressure controlled ventilation to the affected lung and 
volume control ventilation to the healthier lung. Although infiltrates 
were present, the affected lung was open.Our case carried a higher 
level of severity, indicated by total radiographic opacification and 
complete anatomic de-recruitment of the affected lung.

ILV is a potential therapy to physiologically separate the lungs 
in patients with differential ventilatory requirements in each lung, or 
to anatomically separate the lungs to prevent contamination of the 
healthier lung with blood, pus, or lavage fluid. Because of the relative 
rarity of these indications, the benefit of this therapy will not likely be 
proven in a randomized trial. Therefore, careful patient selection and 
consideration of alternatives is essential.
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