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Prone Positioning and Acute Respiratory Distress Syndrome After Cardiac
Surgery: A Feasibility Study

Jean-Michel Maillet, MD, Stéphane Thierry, MD, and Denis Brodaty, MD

Objective: To determine the feasibility, safety, and effi-
cacy on Pa0,/F,0, ratio of prone positioning (PP) for acute
respiratory distress syndrome (ARDS) after cardiac surgery.

Design: Retrospective review of information entered pro-
spectively in the authors’ database.

Setting: A private community nonteaching hospital.

Participants: Sixteen patients who developed ARDS after
cardiac surgery from January 2004 through June 2005.

Interventions: PP to improve oxygenation.

Measurements and Main Results: After a median duration
of 18 (range, 14-27) hours in PP, PaO,/F,0, improved in 14
(87.5%) patients. For the entire population, median PaO,/
F\O, rose from 87 (range, 56-161) before PP to 194 (range,
94-460; p < 0.05) after it. After supine repositioning (SR),
Pa0,/F0, declined to 146 (range, 72-320; not significant).
Pa0,/F,0, at the end of PP and 1 day after SR were compa-

CUTE RESPIRATORY DISTRESS SYNDROME

(ARDS) sometimes complicates the postoperative course
of cardiac surgery with cardiopulmonary bypass (CPB).!3 Its
prognosis is associated with high mortality.>*> Oxygenation
can be improved by using different techniques.® Although
prone positioning (PP) of the patients seems to improve oxy-
genation effectively, this method is associated with potentially
severe complications.”# In addition, some physicians might be
reluctant to use this technique for unstable postoperative pa-
tients because it also raises concern about the quality of sternal
wound healing and the risk of surgical wound infection. Guérin
et al® included sternotomy during the preceding 15 days as an
exclusion criterion. This study was designed to retrospectively
evaluate the feasibility, safety, and impact on PaO,/F,0, of the
first PP session for patients with ARDS after cardiac surgery
with CPB.

METHODS

All patients treated with PP for ARDS after cardiac surgery between
January 1, 2004, and June 31, 2005, were retrospectively identified.
Inclusion criteria were (1) presence of ARDS as defined by the North
American-European consensus conference,’ (2) persistence of severely
impaired oxygenation (PaO,/F\O, =200) after a positive end-expira-
tory pressure (PEEP) test and/or a pressure plateau >30 cmH,0O despite
low tidal volume, and (3) informed consent of the family member(s)
to put the patient in a prone position. Because of the type of
information collected and the retrospective design of the study with
normal management that included sequential arterial blood gas
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rable, respectively, 194 (range, 94-460) and 184 (range, 105-
342). No severe complication was associated with PP, but 5
patients developed pressure sores and 2 others had super-
ficial sternal wound infections. Intensive care unit mortality
of 37.5% reflected the number of organ failure(s); there were
no deaths with 2 failures, and 60% with =3 organ failures
died (p = 0.03). Mortality rates were comparable regardless
of whether patients were Pa0O,/F0, responders or their
PaCO, decreased by =1 mmHg.

Conclusion: PP to treat ARDS after cardiac surgery is fea-
sible, safe, and can efficiently improve oxygenation. Mea-
sures to prevent pressure sores are mandatory.
© 2008 Elsevier Inc. All rights reserved.

KEY WORDS: acute respiratory distress syndrome, cardiac
surgery, prone positioning

measurements, institutional review board approval was not required
at this institution.

All the patients included in this study were sedated with midazolam
(2-5 mg/h) and sufentanil (5-10 ug/h). All were ventilated in a volume-
controlled mode, with a plateau pressure <30 cmH,O. Heart rate,
arterial systolic pressure (with an indwelling radial artery catheter), and
oxygen saturation (with a pulse oximeter) were monitored continu-
ously. Arterial blood gas analyses and arterial lactate concentrations
were determined using a commercial blood-gas analyzer (Rapidlab
864; Bayer, Leverkusen, Germany).

All patients’ charts were reviewed. For each patient, the following
information was collected: age, sex, body mass index, cardiovascular
risk factors, simplified acute physiology score II'? at intensive care unit
(ICU) admission and the day of PP, number and type of organ failure(s)
using the organ dysfunction and/or infection score!! (Appendix 1) on
the day of PP, and the Murray lung injury score.!”> The following
mechanical ventilation parameters were recorded before PP, at the end
of PP, and 1 day after supine repositioning (SR): tidal volume/weight,
respiratory rate, F;O,, application, and the level of PEEP. The number
of PPs for each patient was noted. The effect of PP on arterial blood
gases was evaluated during the first session. PaO,/F,0,, pH, PaCO,,
and lactate values were recorded at just before (baseline) PP, at the end
of PP, within 1 hour, and 1 day after SR.

The following PP-associated complications were recorded: acciden-
tal extubation, selective intubation, endotracheal tube obstruction, ac-
cidental removal of arterial or venous central catheters, surgical wound
infection,!3 pressure sores, ocular complications, and hemodynamic
instability. The duration of mechanical ventilation, ICU length of stay,
and ICU mortality were also noted.

The algorithm proposed by Messerole et al'* was used to place
patients in PP. Briefly, 5 to 7 staff members, 1 or 2 intensivists, and 2
to 4 nurses turned the patient with the help of a respiratory physical
therapist. Before turning, the patient’s weight-bearing sites (ie, face,
shoulders, knees, and so on) were protected by using Biatin (Coloplast,
Humlebaek, Denmark). To avoid ocular lesions, the face and the
shoulders were appropriately cushioned. During the PP session, the
patient’s bed was inclined with the head 30° higher than the foot, and
the patient’s face was turned toward the ventilator.

A patient was considered to be a PaO, responder when his/her
Pa0,/F,0, increased 20 mmHg,'> to have sustained benefit when his/
her PaO,/F;0, was stable after SR compared with the value at the end
of PP, and to be a PaCO, responder when his/her PaCO, decreased =1
mmHg during PP.1

Data are expressed as medians (range) or number of patients (per-
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centage). A Fisher exact test was used to compare percentages, and
mean * standard deviation PaO,/F;0,, PaCO,, and lactate values were
compared by using a 2-way analysis of variance for repeated measure-
ments followed by Bonferroni’s multiple comparison procedure; p =
0.05 was considered statistically significant. Statistical analyses
were performed by using StatView version 5.0 (SAS Institute Inc,
Cary, NC).

RESULTS

Between January 2004 and June 2005, 1,200 patients were
admitted to the ICU after cardiac surgery; 16 were placed in
a prone position to treat ARDS with persistent and severe
hypoxemia despite a PEEP trial. Their main clinical charac-
teristics, including risk factors for ARDS, are reported in
Table 1. PP was performed a median of 3 (1-10) days after
cardiac surgery and after a median of 2 (1-10) days of
mechanical ventilation. At baseline PP, median PaO,/F;0,
was 87 (56-161) and the median Murray score was 4 (2-4).
All patients were given inotropic agents for hemodynamic
instability.

The median and individual changes in PaO,/F,0O, are shown
in Figure 1A. After a median PP duration of 18 (14-27) hours,
PaO,/F|O, had dramatically risen from 87 (56-161) to 194

Table 1. Clinical Characteristics of the 16 Patients Treated With PP

Characteristic Value*
Age (y) 74 [44-83]
Male sex 10 (62.5)
Body mass index (kg/m2) 27 [20-37]
Nonelective surgery 3(18.8)
Redo 4(25)
Chronic obstructive pulmonary disease 4 (25)
Left ventricular ejection fraction (%) 60 (25-80)
Type of surgery
CABG 5(31.3)
Valve replacement 5(31.3)
CABG and valve replacement 3(18.8)
Miscellaneous 3(18.8)
CPB duration (min) 109 [68-240]
SAPS Il at ICU admission (points) 42 [18-54]
SAPS 1l day of PP (points) 41 [33-64]
Nonpulmonary organ failure(s) the day of PP (n) 3[2-5]
Type of nonpulmonary organ failure the day of PPt
Cardiac 16 (100)
Renal 7 (43.8)
Hematologic 2(12.5)
Neurologic 2(12.5)
Infection 10 (62.5)
Hepatic 0(0)
ARDS risk factors#
Cardiopulmonary bypass 16 (100)
Pneumonia 4 (25)
Shock 3(18.8)
Sepsis 2(12.5)
Massive transfusion 1(6.3)

Abbreviations: CABG, coronary artery bypass graft; SAPS, simpli-
fied acute physiology score.

*Values are expressed as median [range] or number (%).

tSome patients experienced >1 organ failure the day of PP.

$Some patients had >1 risk factor for ARDS.
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Before PP End of PP 1 hour after SR 1 day after SR

Fig 1. Median (filled circle) and individual evolutions of (A) PaO,/
F,0, ratios and (B) PaCO, from just before to during PP and 1 hour and
1 day after SR; *p < 0.05 versus baseline Pa0,/F,0,.

(94-460) (95 = 31 v 223 = 106, respectively; p < 0.0001).
Fourteen (87.5%) patients were PaO, responders. Within 1
hour of SR, PaO,/FO, declined from 194 (94-460) to 146
(72-320, not significant) but remained significantly higher than
baseline values (95 = 31 v 160 * 60, respectively; p < 0.05).
Pa0,/F;0, had increased slightly 24 hours after SR compared
with 1 hour after SR (not significant). PaO,/F,O, at the end of
PP and 1 day after SR were comparable, respectively (194
[94-460] and 184 [105-342]).

Median and individual changes in PaCO, are shown in
Figure 1B. The median PaCO, change from before to the end
of PP was —3 (—26 to 5) mmHg (41.1 £ 5.1 v 38.5 = 0.5,
respectively; p = 0.11); PaCO, declined in 10 patients (PaCO,
responders, median PaCO, decrease —7 [—26 to —1] mmHg)
but remained constant or rose in 6 patients (PaCO, nonre-
sponders, median PaCO, increase 1 [0-5] mmHg) with compa-
rable ventilator settings (Table 2). Between baseline PP and 1
day after SR, median lactate values decreased, respectively,

Table 2. Ventilator Settings

Before PP During PP 1 Day After SR
TV/weight (mL/kg) 8[5-13] 8[6-13] 8[6-12]
Respiratory rate 15 [12-40] 16 [12-42] 16 [12-32]
FO, 0.8 [0.6-1] 0.6 [0.4-0.9] 0.6 [0.4-1]
PEEP (cmH,0) 5 [0-20] 5[0-15] 10 [0-15]

NOTE. Data are expressed as median [range].
Abbreviation: TV, tidal volume.
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from 1.7 (1-6.7) to 1.3 (range, 0.8-2.1) mmol/L (2.3 = 1.6 v
1.4 = 0.5, respectively; p = 0.11).

None of the reported severe complications (accidental
extubation and accidental removal of central catheter) oc-
curred during or after 34 PP sessions. Neither sedation nor
inotropic agent doses were modified during PP. Despite
inclination of the patient’s bed, facial edema was constant,
but it regressed rapidly after SR. Survivors experienced no
ocular complications, but 5 patients developed pressure
sores on the chin (n = 2), cheekbone (n = 2), or knee (n =
1) without persistent esthetic facial sequelae. Two superfi-
cial sternal wound infections were successfully treated with
surgical debridement and antibiotic therapy. No sternal in-
stability was observed.

Two patients were successfully treated with cardioversion
for atrial fibrillation during PP. Continuous venovenous hemo-
filtration without technical difficulties was also performed dur-
ing PP for 1 patient in acute renal failure.

Thirty-four PP sessions were performed during the study
period. Thirteen patients underwent a single session: 1 died, PP
lacked efficacy for 3, and improved oxygenation for the re-
maining 9. ICU mortality was 37.5%. Death was related to
cardiogenic shock (n = 2), multiorgan failure (n = 2), refrac-
tory hypoxemia (n = 1), and malignant ventricular arrhythmia
(n = 1). Death in the ICU was significantly associated with the
number of organ failure(s); no patients with 2 organ failures
died, whereas those with =3 organ dysfunctions suffered 60%
mortality (p = 0.03). The respective mortality rates for PaO,
responders and nonresponders (28.6% and 100%) and PaCO,
responders and nonresponders (40% and 33%) did not differ
significantly.

DISCUSSION

ARDS is a rare complication after cardiac surgery with CPB,
and the results of this study showed that, although PP safely
improved oxygenation for most patients, it did not seem to
modify the natural history of ARDS and its poor prognosis.
Among this institution’s 1,200 postcardiac surgery patients
whose files were reviewed for this study, fewer than 1% de-
veloped ARDS that required PP. Reported ARDS frequency
after cardiac surgery with CPB ranged from 0.4%3 to 2.5%?2,
depending on the definitions used and the population studied.!”
The rate does not seem to be influenced by the time period
considered, despite technical improvements in the 1990s, es-
pecially concerning CPB.!

Studies on PP after cardiac surgery are very scarce!®!
including case reports from India!® and Spain'® and an article
on 36 patients published in Russian.!” Brussel et al'® observed
significantly increased PaO,/F,0, after prolonged PP ventila-
tion in 9 of their 10 patients with postoperative acute respira-
tory failure after coronary artery bypass graft surgery. Most of
the present patients (87.5%) responded to PP with substantial
increases of their PaO,/F;0, ratios. These results are in accor-
dance with those of most recent multicenter studies, with PaO,
responder rates exceeding 70%.7:%20

The authors arbitrarily chose to use prolonged PP sessions
(median duration, 18 hours) because the optimal PP duration is
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unknown; it ranges from 442! to >18 hours,'%202223 with
comparable PaO,/F,O, improvement and percentages of re-
sponders. It could be hypothesized that prolonged PP would
achieve better consolidation of the physiologic modifications
associated with the improved oxygenation obtained with this
technique including increased end-expiratory lung volume,?*
better ventilation-perfusion matching,” and regional changes
of ventilation? associated with a return toward normal chest-
wall mechanics.?’

Despite the positive PP effect on oxygenation, the most
recent studies failed to obtain significantly lower mortality with
repeated PP sessions.”-%20 In contrast, decreased PaCO, with PP
is predictive of a better outcome.'’ Indeed, improved efficiency
of alveolar ventilation is an important marker of patients who
will survive. Elevated deadspace fraction was also significantly
associated with an increased risk of death from ARDS.?® Fi-
nally, in ARDS, low tidal volume (6 mL/kg of predicted body
weight) is the sole therapy associated with a significantly better
prognosis.?’

ARDS-associated mortality exceeded 38% in a community
population of patients admitted for ARDS.3* After cardiac
surgery, the death rate from ARDS ranged from 15% to
>90%.'> These widely differing mortality rates might be ex-
plained by the study period, the ARDS definitions applied,
and/or the number of nonpulmonary organ failure(s) associated
with ARDS.!?

A potential limitation of PP therapy is the rate of associated
severe complications.”® No complications resulted directly
from PP in the present study. Recently, Mancebo et al?” re-
ported a very low complication rate in their multicenter study
(68 events for 718 turnings). Routine use of this technique, with
strict respect for the procedure and a large team, might explain
the low rate of PP-induced complications. Sternal wound in-
fection is another potential limitation that could explain why
Guérin et al® considered it an exclusion criterion. In the present
study, 2 patients developed superficial sternal wound infec-
tions that did not influence their outcomes. This “fear”
should not lead to hesitation to use PP, even early after
cardiac surgery.

This study has some limitations, primarily that it was retro-
spective without a control group. All postoperative patients
with ARDS were not systematically treated with PP, regardless
of whether the PEEP test was successful or not. Also, the
sample size was small so gas exchange measurements were the
only parameters studied and not 28-day mortality, 1-year sur-
vival rate, or health-related quality of life. However, in light of
the scarcity of data on this therapy after cardiac surgery'¢-1° and
its potential severe complications, the authors believe it was
important to initially assess the feasibility, safety, and efficacy
of PP use specifically in this population.

Indeed, these observations clearly showed that after cardiac
surgery PP can be applied to patients who develop ARDS and
multiorgan dysfunctions, and it can efficiently improve oxygen-
ation, but the prognosis remains poor. Complications associated
with PP can be limited or avoided by using a strict protocol and
paying special attention to preventing pressure sores.
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APPENDIX 1: DEFINITIONS OF ORGAN DYSFUNCTIONS AND/OR INFECTION APPLIED IN THE ORGAN DYSFUNCTION
AND/OR INFECTION MODEL

Cardiac dysfunction

Infusion of dopamine and/or epinephrine and/or norepinephrine; or systemic arterial

pressure <90 mmHg; or peripheral signs of shock

Pulmonary dysfunction
Renal dysfunction
Neurologic dysfunction
Hepatic dysfunction
Hematologic dysfunction
Infection

Mechanical ventilation or PaO, (21% F,0,) <60 mmHg

Creatinine level >300 pmol/L or diuresis <500 mL/d

Glasgow coma score <6 or confusion, coma

Bilirubin level >100 IU/mL or alkaline phosphatase >600 IU/mL

White blood cell <2,000/mm3 or platelet level <40,000/mm3 or hematocrit <20%
Clinically documented infection or temperature <36.5°C or >38.3°C

NOTE. Each element was scored as follows: absence = 0, presence = 1.
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