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Acute respiratory failure is a major cause of
postoperative morbidity and mortality in cardiac

surgical intensive care units. This condition may require
the administration of  high concentrations of  oxygen, which
can itself  be toxic and cause further lung damage.
Mechanical ventilation in the prone position and its positive
effect on gas exchange was described more than 25 years
ago but it still remains a relatively under-used technique.
Recent literature not only proves its positive results in
improving oxygenation but also advocates its early
application rather than using it as a last resort.1

Experience of  prone mechanical ventilation in
postoperative cardiac surgical patients is limited.2 We report
the case of   an obese male patient who underwent elective
coronary artery bypass grafting (CABG) and had low PaO

2

in the postoperative period.

Case Report

A 49-year-old male patient weighing 103 kg, with a body
surface area of  2.07 m2 was scheduled for elective CABG.
The patient was a chronic smoker with a history of

hypertension for the past eight years. On physical
examination, the chest was clear. X-ray chest (PA view)
showed normal lung fields. Pulmonary function tests
showed values above 75% of  the predicted values. Forced
vital capacity (FVC) was 3 L, forced expiratory volume in
one second (FEV

1
) was 2.61 L, peak expiratory flow rate

(PEFR) was 6.49 L and forced expiratory flow
25–75

 (FEF 
25–75

)
was 2.78 L. Two-dimensional echocardiogram revealed
inferior and lateral wall hypokinesia with a left ventricular
ejection fraction (LVEF) of  0.35. Routine cardiac medication
in the form of  oral atenolol and isosorbide dinitrate was
continued till the morning of  the surgery. Oral lorazepam
2 mg was given on the night prior to surgery. Premedication
one hour prior to surgery included intramuscular morphine
sulphate and oral lorazepam. The following parameters
were monitored: continuous two-lead (II and V

5
) ECG;

intra-arterial blood pressure; pulmonary artery pressure
and thermodilution cardiac output; end-tidal carbon
dioxide; rectal temperature; and urine output. Anesthesia
was induced with intravenous fentanyl citrate, midazolam,
thiopentone sodium and pancuronium bromide, and the
trachea was intubated with a 9.0 mm cuffed orotracheal
tube. Nitroglycerine infusion was used to control arterial
blood pressure.

Cardiopulmonary bypass was instituted at tepid
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temperature, allowing the rectal temperature to drift up to
32°C, using a membrane oxygenator, roller pump,
crystalloid prime, blood cardioplegia and pulsatile flow
between 2.4 and 3.8 L/min/m2. The left internal mammary
artery was anastomosed to the left anterior descending
artery, the radial artery to the right coronary artery and
the reverse segment of  the saphenous vein graft to the first
obtuse marginal artery. Pulsatile flows were maintained
between 2.4 and 3.28L/min/m2 and perfusion pressure was
maintained in the range of  50 to 70 mmHg. The patient
remained hemodynamically stable during the course of   the
surgery. The duration of  surgery was 4 hours and 40
minutes, with a cardiopulmonary bypass time of  68
minutes and aortic cross-clamp time of  45 minutes. Alpha
stat pH management was used and arterial blood gas reports
were within normal limits intra-operatively. The patient was
shifted to the recovery room with a negative fluid balance
of 700 ml.

The patient was ventilated electively by volume-
controlled ventilation with a Servo 300 ventilator (Siemens,
Elema, Solna, Sweden). On the first day, PaO

2
 was 58.8

mmHg at an FIO
2
 of  1.0, and chest X-ray showed haziness

in both the lower lung zones. Bronchoscopic suction was
done and repeated after 4 hours. Positive end-expiratory
pressure (PEEP) was gradually increased to 12.5 cmH

2
O.

Subsequently, the mode of  ventilation was changed to
pressure-controlled inverse-ratio ventilation with full
sedation using midazolam and muscle relaxation with
vecuronium bromide.

The patient remained hemodynamically stable without
any inotropic support. Cardiac enzymes and ECG were
normal, but there was no improvement in the PaO

2
. He was

then ventilated through the volume control mode in the
prone position, on three occasions—on day 2, day 3 and
day 5 of  surgery for 8, 6 and 8 hours, respectively. Four
attendants turned the patient from the supine to the prone
position. During this period, he remained hemodynamically
stable and  showed significant improvement in PaO

2

following all three occasions of  prone ventilation. The PaO
2

increased from 57.8 to 249.7 mmHg on the first occasion,
from 48.7 to 194.6 mmHg on the second and from 62.5 to
199.7 mmHg on the third occasion at an FiO

2
 of  1.0. The

shunt fraction (Q
va

/Q
t
) decreased from 43.6% to 7.2% on

the first occasion and from 46.7% to 12.5% during the
second. Due to the prone position, the patient developed
swelling over the lips and left eyelid, and subconjuctival
hemorrhage in the left eye on the third occasion, which
resolved on its own in two days. The total negative fluid
balance was 6.5 L by day 7 postoperatively. Chest X-ray
showed haziness in the lower and mid-zones initially which
cleared by postoperative day 6. Nutrition was maintained
parenterally from postoperative days 2 to 8. The patient
was extubated on postoperative day 8 at an FIO

2
 of  0.4 and

PaO
2
 98.4 mmHg, transferred out of  the intensive care unit

on postoperative day 10 and from the hospital on
postoperative day 18. Respiratory data showing ventilatory
settings and corresponding arterial blood gas values during
supine and prone ventilation are shown in Table 1; the

Table  1. Various parameters of  patient and ventilator setting during mechanical ventilation in the supine and prone
position

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8
Position Supine Supine Prone Supine Prone Supine Supine Prone Supine Supine Postextubation
Vent. Mode VC PC PC PC PC PC PC PC PC PC (4  hrs.)

FiO
2

0.7 1.0 0.5 0.6 0.6 0.6 0.6 0.6 0.5

PEEP (cmH
2
O) 8 7.5 7.5 7.5 7.5 10 12.5 12.5 7.5

PIP 25 28 32 23 24 30 36 38 30

Insp.% 50% 50% 65% 60% 60% 60% 60% 60% 35%

PH 7.33 7.36 7.46 7.47 7.46 7.43 7.39 7.41 7.51 7.56 7.51

PaCO
2 

(mmHg) 45.1 53.8 42.4 40.4 49.5 47.9 54.3 48.3 46.6 35 36.8

PaO
2
 (mmHg) 58.8 57.8 249.7 48.7 194.6 74.1 62.5 199.7 67.8 69.3 92.4

BE -2.4 -3.8 5.4 7.7 9.7 6.4 6.0 4.2 12.7 7.4 6.0

SaO
2
 (%) 94 90 99 86 99 95 93 98 93 96.6 98.2

PaO
2
/FiO

2
84 57.8 499.4 81.16 324.3 123.5 104.1 332.8 135.6 173.2 230

Qva/QT (%) 36.0 43.6 7.2 46.7 12.5

VC: volume-controlled ventilation; PC: pressure-controlled ventilation; FiO2: inspired fraction of  oxygen; PEEP: positive end-expiratory pressure; PIP: airway pressure;
Insp %: percentage of  the inspiratory cycle of  ventilation; PaCO2: arterial carbon dioxide tension; PaO2: arterial oxygen tension; BE: base excess; SaO2: arterial oxygen
saturation; PaO2/FiO2: oxygenation index; QVA/QT(%): shunt fraction
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single best arterial blood gas reading during each event
is shown.

Discussion

Acute respiratory failure is a rare but serious complication
after cardiac surgery. Oxygenation and carbon dioxide
elimination may be severely disturbed despite supplemental
inspired oxygen and ventilation with increased tidal volume
and respiratory frequency. The impairment of  gas exchange
is most likely multifactorial including the effects of
sternotomy, ventilation perfusion  inhomogeneity during
mechanical ventilation and an impaired pulmonary
capillary endothelium secondary to the release of
biologically active substances during extracorporeal
circulation (ECC).2 In addition, the effects of  anesthesia and
muscle paralysis may contribute to gas exchange
impairment.2,3,4

Increased extravascular lung water content has been
proposed as a major cause for the development of
respiratory insufficiency after cardiac surgery. Some studies
show that elevated extravascular lung water content is
present only immediately  after extracorporeal circulation
and in the early postoperative period.2,3,4 This suggests that
additional mechanisms play an important role in the
development of  respiratory insufficiency.

Acute respiratory failure after cardiac surgery may be
associated with atelectasis in dependent lung regions, which
can be confirmed by computerized tomographic scans of
the thorax. Conventional ventilatory therapy with moderate
PEEP may be insufficient for the recruitment of  collapsed
alveoli. Ventilation in the prone position rapidly improves
oxygenation without significant alteration of  the
hemodynamic state.2, 5–8 Nonetheless, it is a grossly
under-used technique, most likely because of  the difficulty
in providing nursing and other care to patients in this
position.

Prone positioning results in a more uniform distribution
of  pleural pressure gradients, resulting in greater
ventilation of  the dependent lung than in the supine
position.9,10 The hypotheses of fered to explain the
improvement in oxygenation in the prone position include:
(1) increased functional residual capacity, (2) change in
regional diaphragmatic motion, (3) redistribution of
perfusion, and (4) better clearance of  secretions. Animal
models of  ventilation/perfusion distribution have suggested
that gravity has far less influence on the distribution of
perfusion in the prone position, and the distribution of blood
flow to various regions of  the lungs is relatively unaffected
by the change from the supine to the prone position.2,7
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Another possible explanation for the improvement
associated with ventilation in the prone position is improved
lymphatic flow. Almost all animals in nature lie prone when
they are recumbent. Hence, it is reasonable to assume that
lung lymphatics are evolved to drain the lung best in this
position.7 Although only minor complications could be
attributed to the prone position, careful positioning and
regular examination to avoid pressure bruises are
recommended. This patient had edema of  the eyelid,
conjunctival edema and  subconjunctival hemorrhage,
which resolved without treatment.

Patients who are 20% above their ideal body weight are
obese.11 When they are 100% above this weight they are
said to be morbidly obese.11 Patients with severe obesity
generally have hypoxemia with a widened alveolar–arterial
oxygen gradient due to ventilation–perfusion mismatch.
Alveolar collapse at the bases of  the lungs contributes to
this phenomenon. Reduction in the functional residual
capacity in the supine position increases ventilation–
perfusion mismatch. Obese patients are therefore more
likely to develop atelectasis and other postoperative
pulmonary complications especially after upper abdominal
and cardiovascular surgery.11

Brussel et al.2 studied ten patients with acute respiratory
failure after CABG using conventional mechanical
ventilation in the supine and prone positions. Thoracic
computed tomography scans revealed crest-shaped bilateral
densities in the dependent lung regions in all the patients.
In the supine position, systemic and pulmonary pressures
were within the normal range, but oxygenation was severly
impaired. After 2–5 hours of  ventilation in the prone
position, hemodynamic parameters did not differ between
the supine and prone positions, but ventilation in the prone
position improved gas exchange significantly. This
study concluded that mechanical ventilation in the prone
position might effectively recruit collapsed lung tissue and
improve oxygenation without major hemodynamic
consequences2.

In our case, after bronchoscopic suctioning, PEEP was
increased gradually to 12.5 cmH

2
O and pressure-controlled

inverse ratio ventilation was tried later. All these did not
improve the PaO

2
 of  the patient. Chest X-ray (PA view) was

normal. Computed tomography scan of  the chest could not
be done. Each time the patient was ventilated in  the prone
position, oxygenation improved significantly although
hemodynamic parameters did not change.

We conclude that ventilation in the prone position is an
effective method for improving oxygenation in patients with
acute postoperative respiratory failure not responding to
different ventilatory strategies.
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