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LETTER TO THE EDITOR
Asynchronous differential lung
ventilation in a patient with
unilateral lung disease undergoing
laparoscopic Heller myotomy
Dear Editor,
Differential lung ventilation has been used in unilateral lung
disease cases; wherein protective ventilation strategies
failed to maintain adequate oxygenation without damaging
the lung parenchyma. It has also been used to manage bronchopleural ﬁstula cases, caused or exacerbated by positive
pressure ventilation.1 Although this ventilatory strategy is
useful for preventing mechanical ventilation damage in critically ill patients, there have only been a few reports of the
application of differential lung ventilation in surgery.2-4 We
report the perioperative management and outcome of a unilateral lung disease patient who underwent laparoscopic
surgery with differential lung ventilation under general
anesthesia. The patient in this report provided written
informed consent for publication.

Case description
The patient was a 43-year-old man with no comorbidities.
He had a weight of 56 kg, a height of 1.72 m, and an Ideal
Body Weight (IBW) of 68 kg. He had a history of dysphagia,
chest pain, persistent cough, sputum, and weight loss of
30 kg. He was hospitalized due to necrotizing pneumonia in
the left upper lobe secondary to aspiration of gastric contents. He was diagnosed with achalasia type 2 and was recommended for laparoscopic Heller myotomy. After being
evaluated by a multidisciplinary team (Anesthesia, Surgery,
Bronchopulmonary, and Infectiology), the patient completed
six weeks of antibiotic treatment and nutritional status optimization. The preoperative computed tomography scan
revealed left upper lobe cavitation, connected to the segmental bronchus adjacent to the pleura (Fig. 1A).
Hence, differential lung ventilation was proposed as a
safer strategy to avoid placing higher stress on the affected
lung during surgery.
Preoperatively, the patients had a normal Spirometry and
normal Oxygen Saturation (SpO2) without supplemental oxygen therapy.

For differential lung ventilation with anesthetic delivery
independent of pulmonary function, the bispectral indexguided Propofol-Remifentanil target-controlled site effect
infusion technique was performed. The patient received
propofol (2.5 mcg.mL 1) (Schnider model), remifentanil
(6 ng.mL 1) (Minto model), rocuronium (50 mg), and lidocaine (60 mg). The anesthesia maintenance target was set
to propofol (2.5 mcg.mL 1), and remifentanil was titrated
according to surgical stimulation. The neuromuscular block
was monitored using the Trend of Four (TOF)-WatchÒ in continuous mode. The dose of rocuronium was maintained at a
target TOF of 0. The patient required a total of 30 mg of
rocuronium. Manual bag ventilation was avoided since this
can increase the pulmonary volume and pressure. After a
preoxygenation period of ﬁve minutes, a left 42-Fr doublelumen tube was inserted and conﬁrmed via ﬁberoptic bronchoscopy. Subsequently, two anesthesia machine stations,
each connected to its respective tube lumen, were used to
conduct asynchronous differential mechanical ventilation.
The mechanical ventilator settings were programmed
in pressure-controlled ventilation mode to avoid overpressure-induced injury to the cavitated lung. The peak
inspiratory pressure was set to 10 cmH2O with a Positive
End-Expiratory Pressure (PEEP) of 5 cmH2O and a Respiratory Rate (RR) of 14 min. The non-injured lung (right)
was programmed in volume-controlled ventilation mode,
with a Tidal Volume (Vt) of 5 ccKg 1 IBW, PEEP of
6 cmH2O, and RR guided to CO2 35‒45 mmHg. The
patient was then positioned with an intraperitoneal inﬂation pressure of 15 mmHg, and the surgery was initiated.
Intraoperatively, the Vt decreased from 150‒175 mL to
100 mL. In the lung with limited pressure ventilation.
The steady inspiratory pressure and PEEP pressure were
10 and 5 cmH2O, respectively. The right lung maintained
a Vt of 350 cc (5 cc.kg 1 IBW). The peak, plateau, and
driving pressure before the occurrence of pneumoperitoneum were 16, 14, and 8 cmH2O, respectively. These
pressures increased to 22, 20, and 16 cmH20, respectively, during the onset of pneumoperitoneum. The respiratory acidosis, following pneumoperitoneum, was
corrected by increasing the alveolar ventilation of the
healthy lung. Additionally, the RR was increased from 14
to 18 min, while the minute ventilation was increased
from 5 to 6.3 L.min 1. Adequate gas exchange was maintained throughout the procedure. The patient had a SpO2
of 99‒100% and PaO2/FIO2 > 400. He remained
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Figure 1 (A) Left-upper lobe cavitation. Non-contrasted computed tomography scans with extensive cavitation in the left upper
lobe that contacts the pleural surface. (B) Postoperative image. Chest X-Ray conﬁrms the absence of pneumothorax and other complications.

ventilation. A driving pressure of 5 cmH2O was employed
throughout the surgery to prevent barotrauma in the
affected lung. Additionally, the application of PEEP in the
affected lung maintained alveolar recruitment without
increasing mean airway pressure, avoiding recruitment
maneuvers. Although differential lung ventilation reduced
the risk of airway injury, it was still possible since positive
pressure ventilation was maintained in the affected lung.
Although there are case reports on differential lung ventilation in different settings, to the best of our knowledge,
this is the ﬁrst report describing the rare condition of differential lung ventilation and pneumoperitoneum.

hemodynamically stable with a heart rate of 70‒90 bpm
and a mean arterial pressure of 70‒85 mmHg.
After 2h30 min, the surgery was completed, and a chest
radiograph showed the absence of pneumothorax (Fig. 1B).
Sugammadex (200 mg) was administered to completely
reverse the neuromuscular block with a 100% TOF index. The
patient was extubated without complications. Postoperatively, the adequate respiratory mechanics were maintained
without additional oxygen supplementation. No pulmonary
complications were noted, and he was discharged on the
third postoperative day.

Discussion
Abbreviations

Maintaining adequate gas exchange and lung protection
under general anesthesia is challenging in unilateral lung
disease patients. In the present case, a laparoscopic Heller
myotomy was successfully performed via differential lung
ventilation in a patient with cavitation, communicating with
a segmental bronchus. The major risk of surgery under general anesthesia and mechanical ventilation is the development of a bronchopleural ﬁstula.
This case emphasized numerous learning points in the
management of unilateral lung disease. First, patients
with lung disease have decreased lung compliance. Thus,
the conventional ventilation methods fail to determine
the optimal ventilatory parameters to homogenously distribute the ventilation. PEEP titration is challenging since
high levels induce overdistension of normally ventilated
areas. Secondly, in cases, involving communication
between the airway and pleural space, positive pressure
ventilation further exacerbates airway and lung injury in
the diseased lung.5
In this case, differential lung ventilation utilized protective ventilatory parameters for both the healthy and diseased lungs. Most importantly, the airway pressure in the
affected lung was limited using pressure-controlled
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