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Fig. 1. Respiratory effect of the Trendelenburg position in obese patients during robotic surgery. (A) Left sagittal computed tomography

section in a morbidly obese patient (body mass index = 42 kg/m2) lying in the supine position. Blue and red arrows indicate the direction of
the abdominal and heart compression on the left diaphragmatic cupola. (B) Left sagittal computed tomography section in a morbidly obese
patient (body mass index = 51 kg/m2), obtained in the supine position and represented in a 30° Trendelenburg position. Blue, red, and yellow
arrows indicate the direction and the strength of the abdominal, cardiac, and subcutaneous compression on the left diaphragmatic cupola. (C)
Positioning of a nonobese patient undergoing colorectal robotic surgery. For colonic mobilization, the patient is put in the Trendelenburg position at 30° and tilted right side down at an angle of 10° to 15°. (D) For rectal dissection, the angle of the Trendelenburg position is increased
at 45°. (Figs. C and D are reproduced from reference 8, with permission of Surgical Endoscopy.)

upper lobes which tends to optimize ventilation–perfusion
ratio.6 The second factor influencing respiratory risk is the
intraoperative posture implemented to facilitate surgical exposure. In laparoscopic and robotic bariatric surgery,
surgical access is obtained through abdominal trocars that
replace midline incisions. In upper gastrointestinal surgery,
the beach position (inverse Trendelenburg) is recommended
because it facilitates surgical exposure by moving the patient’s
bowel toward the pelvis. In lower gastrointestinal, urologic
and gynecologic surgery, 25° to 45° Trendelenburg position
is strongly advocated because it provides better exposure of
the operative field because the bowels are displaced toward
the upper abdomen. In robotic left colon surgery,8 after 30°
Trendelenburg positioning, the patient can be tilted right side
down at an angle of 10° to 15° (fig. 1, C and D). Beach
position is protective against obesity- and pneumoperitoneum-related respiratory disorders: it partially restores lung
volumes, respiratory compliance, and airway resistance, and
combined with PEEP and recruitment maneuver, improves
arterial oxygenation.5,7 Trendelenburg positioning is the critical factor that increases the respiratory risk by increasing
Rouby et al.

the pressure on diaphragm cupolas (fig. 1B). It markedly
increases peak inspiratory pressure (that may exceed 35 cm
H2O in some patients) and driving pressure that is always
above 25 cm H2O.9 It dramatically reduces respiratory compliance, sometimes to 20% of normal values, and impairs
arterial oxygenation without, however, producing life-threatening hypoxemia.9 Lateral decubitus position, by shifting the
abdominal contents away from the diaphragm, is partially
protective against Trendelenburg-induced respiratory disorders. Not surprisingly, Grieco et al. have found that occult
extended airway closure is observed in 20% of morbidly
obese patients after 25° to 30° Trendelenburg positioning.1
Facing such a respiratory challenge, what should be the
appropriate ventilator management? First, the anesthesiologist should thoroughly evaluate the risk.The latter increases
with body mass index and the degree of Trendelenburg
positioning. Body mass index greater than or equal to
40 kg/m2 and tilting angle greater than or equal to 30°
put the obese patient at maximum risk. Although steep
Trendelenburg is recommended for robotic gynecologic,
urologic, and lower gastrointestinal surgeries, lesser degree
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of Trendelenburg positioning (9° to 24°) can be effectively
used without compromising surgical exposure.10 Therefore,
in morbidly obese patients, the degree of Trendelenburg
positioning should be discussed between the Surgeon and
the Anesthesiologist, on an individual basis. Second, intraoperative mechanical ventilation settings should be specifically
adapted to the different steps of the robotic procedure.11
After anesthetic induction, volume-controlled mechanical
ventilation should be used with tidal volumes between 6
and 8 ml/kg of ideal body weight1 (and not actual weight)
and PEEP ranging between 5 and 10 cm H2O.12 After
Trendelenburg positioning, PEEP should be increased above
10 cm H2O, and targeted to obtain a driving pressure less
than or equal to 15 cm H2O; respiratory rate should range
between 15 and 21 breath/min, and FiO2 should be set as
low as possible to avoid resorption atelectasis. Last but not
least, periodic recruitment maneuvers should be performed
to avoid airway closure and severe aeration loss.13,14 By preserving lung volumes and avoiding ventilator-induced lung
injury, such a protective ventilation strategy should provide
adequate intraoperative oxygenation and carbon dioxide
elimination while meeting the respiratory challenge of the
Trendelenburg position in morbidly obese patients.
12
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Fig. 2. Effect of body mass index on lung volume (A), arterial oxygenation (B), and respiratory mechanics (C and D ). BMI, body mass index;
FRC, functional residual capacity; Δ (A-a) O2, Alveolar-arterial oxygen difference; Cst,rs, compliance of the total respiratory system; Rst,rs,
resistance of the total respiratory system. (Modified from reference 3 with permission of Anesthesia & Analgesia.)
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