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Abstract

Purpose
Since 1997, we have routinely used prone positioning (PP) in patients who have a PaOz/FiO2

below 100 mmHg after 24—48 h of mechanical ventilation and who are ventilated using a low
stretch ventilation strategy. We report here the characteristics and prognosis of this subgroup
of patients with severe lung injury to illustrate the feasibility, role, and impact of routine PP in
acute respiratory distress syndrome (ARDS).

Results
A total of 218 patients were admitted because of ARDS between 1997 and 2009. Of these
patients, 57 (26%) were positioned prone because of a PaOZ/FiO2 below 100 mmHg after

24-48 h of mechanical ventilation. Age was 51 ? 16 years, PaO2/FiO2 74719, and PaCO,

54 ? 10 mmHg. The lung injury score was 3.13 ? 0.15. Tidal volume was 7 ? 2 mL/kg, PEEP
56?712 cmHZO, and plateau pressure 27 ? 3 cmHZO. Prone sessions lasted 18 h/day and

3.4 7?7 1.1 sessions were required to obtain an FiO2 below 60%. The 60-day mortality was 19%

and death occurred after 12 ? 5 days. The ratio between observed and predicted mortality was
0.43. In patients with a PaOZ/FiO2 below 60 mmHg, the 60-day mortality was 28%. Logistic
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regression analysis showed that among the 218 patients, PP appeared to be protective with an
odds ratio of 0.35 [0.16-0.79].

Conclusion
We demonstrate the clinical feasibility of routine PP in patients with a PaOz/FiO2 below

100 mmHg after 24-48 h and suggest that, when combined with a low stretch ventilation
strategy, it is protective with a high survival rate.

Keywords ARDS — Prone position — Survival

Introduction

Despite the use of protective ventilation, mortality remains elevated in the most severe form
of acute respiratory distress syndrome (ARDS) [/]. This encourages some to propose
venoarterial extracorporeal membrane oxygenation (ECMO) in this situation [2—4]. However,
prone positioning (PP) could be an alternative in the management of patients with severe
ARDS. Despite a recent meta-analysis which demonstrated its ability to improve prognosis in
patients with a PaO /FiO,, below 100 mmHg [5], PP is often considered as a “rescue” therapy

and is not used in many intensive care units (ICUs). In the Australian—New Zealand study
performed during the 2009 influenza (H1N1) epidemic, only 20% of patients underwent PP
before ECMO [4].

Since 1997, we have routinely used PP in hemodynamically stable patients with a PaOz/FiO2

below 100 mmHg after 2448 h of mechanical ventilation. We report here the characteristics
and prognosis of this subgroup of patients with severe lung injury to illustrate the feasibility,
role, and impact on prognosis of routine PP in ARDS.

Materials and methods

Patients

Since 1997, in patients admitted to our ICU because of ARDS, we have prospectively
recorded epidemiological characteristics, simplified acute physiologic score (SAPS 1I) [6],
lung injury score (LIS) [7], blood gas analysis, plateau pressure, and respiratory settings. At
the same time, these cases have all been entered with a main diagnosis of ARDS in the
database of the CUB-R?a Network, which was set up by intensivists of hospitals in Paris and
its suburbs [8]. ARDS was defined using the criteria proposed by the American—European
consensus conference [9]. All patients had an acute onset of respiratory failure, bilateral chest
infiltrates, a PaOz/FiO2 below 200 mmHg during mechanical ventilation regardless of PEEP,

and no evidence of increased pulmonary venous pressure. In particular, we report here
patients who underwent PP, i.e., the patients with the most severe ARDS, with a PaOZ/FiO2

which remained below 100 mmHg after 2448 h of mechanical ventilation. The standard
mortality ratio (SMR) of this population was obtained by dividing the observed mortality by
the mortality predicted by the SAPS II.
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Clinical management

All patients were managed as follows:

— Mechanical ventilation was performed by applying a low stretch ventilation strategy,
as has been done in our ICU since 1993 [/0]. Briefly, this combined a tidal volume of
6-9 mL/kg of measured body weight, an inspiratory/expiratory ratio of 1:2, an
end-inspiratory pause of 0.5 s, and a respiratory rate adapted to the PaCO, level

without inducing or increasing any intrinsic PEEP per se. PEEP was selected to
produce better oxygenation without worsening hemodynamics, and to match intrinsic
PEEP when present [//]. In the case of a PaCO2 above 50-55 mmHg, the heat and

moisture exchanger was removed and patients were ventilated using a heated
humidifier [/2].

— PP was routinely used in patients with a PaO,/FiO, below 100 mmHg after 24-48 h

of mechanical ventilation, provided that hemodynamics were stabilized.
Hemodynamic stability was defined as a systolic blood pressure above 90 mmHg,
whatever the need for drugs. During PP, we never used thoracopelvic support. Each
prone position session lasted about 18 h/day, from about 3 p.m. to 8 a.m. the day
after. Prone position was continued until patients were ventilated with an FiO2 below

60%. Severe adverse effects of PP, e.g., accidental extubation, was systematically
recorded.

— Hemodynamic optimization was achieved using a radial artery catheter and at least
one transesophageal echocardiography per day during the first 3 days.

— Finally, renal replacement therapy was applied if necessary using continuous
veno-venous hemodiafiltration.

Statistical analysis

Statistical analysis was performed in collaboration with the Ambroise Par? Hospital
Department of Biostatistics, using the Statview 5.0 (SAS Institute, Cary, NC, USA). Values,
when normally distributed, are presented as mean ? standard deviation. One-way analysis of
variance (ANOVA) was used to compare PaOZ/FiOZ, PaCO2, plateau pressure, and

compliance of the respiratory system. We also looked for an interaction between the year of
inclusion and mortality to assess the potential effect of the learning curve. Finally, we
compared data between survivors and nonsurvivors through use of the chi-squared test with
Yates’ correction or Fisher’s exact test when necessary for categorical variables, and with a ¢
test for continuous variables. We entered four variables found to be significantly associated
with death into a logistic regression model. A two-tailed p value of less than 0.05 was
considered statistically significant.

Results

From January 1997 to December 2009, 218 patients admitted to our unit were entered in the
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database of the CUB-R?a Network with a main diagnosis of ARDS (Fig. 1). Mean age was
57 ? 16 years and 62% of patients were male. SAPS II was 58 ? 22. Eighty-four percent of

patients required infusion of vasopressor and 44% renal replacement therapy. Mortality rate
at day 60 was 38.5%, leading to an SMR of 0.60 (Fig. 1).

: g

218 patients
Age 57 + 16 years
2 SAPS 1158 £ 22 i
i 84% with infusion of vasopressor }
: Mortality 38.5% :
SMR 0.60
oot eetaee ReReR PR E RN PSSR SRRSO R POROEE . 3
161 patients without PP
g (PaO./Fi0, > 100 mmHg afler 24-48 h)
f e ——
Age 59 £ 17 years

g SAPSI1I61£20

I 93% with Infusion of vasopressor

H Mortality 45%

SMR 0.64

57 patients with PP
(PaOFiO, < 100 mmiHg after 24-48 h)

Age 51 + 16 years
SAPS 1149 £ 14
58% with infusion of vasopressor
Mortality 19%
SMR 0.43

Fig. 1 Flow chart of the study during the observation period (January 1997-2009). Mortality was
observed at day 60. PP prone positioning; SAPS Il simplified acute physiologic score; SMR standard
mortality ratio, obtained by dividing the observed mortality by the predicted mortality

Of these patients, 57 (26%) had a PaOz/FiO2 below 100 mmHg after 2448 h of ventilation

and were then systematically positioned prone (Fig. 1), 23 during the 1997-2002 period and
17 during the 2003—-2006 and 2007-2009 periods. Age was 51 ? 16 years. Thirty patients
(53%) were male. SAPS II, calculated during the first 24 h following admission, was 49 ? 14.
Most patients (91%) had ARDS of pulmonary origin, mainly due to bacterial pneumonia

(n =32) and aspiration (n = 13). At admission mean PaOZ/FiO2 was 100 ? 53 mmHg, PaCO2

50 ? 11 mmHg and pH 7.32 ? 0.11. Fifty-eight percent of patients required infusion of
epinephrine or norepinephrine and 42% required veno-venous hemodiafiltration.

Characteristics of patients and respiratory settings on the day of PP were as follows. Tidal
volume was 473 ? 134 mL (7 ? 2 mL/kg), respiratory rate 18 ? 4 per min, and PEEP
56712 cmH,0. PaO,/FiO, and PaCO, were respectively 74 7 19 and 54 ? 10 mmHg and

pH was 7.26 7 0.09. Plateau pressure was 27 7 3 CmHZO for a compliance of the respiratory
system of 21 7 8 mL/cmHZO. LIS was 3.13 7 0.15. Fourteen patients (25%) had a PaOZ/FiO2
below 60 mmHg, 25 (44%) a P2102/Fi02 between 60 and 80 mmHg, and 18 (31%) a
P2102/Fi02 above 80 mmHg. To achieve an FiO2 below 60%, 3.4 7 1.1 PP sessions were

needed. One patient required 1 session, 8 patients 2 sessions, 30 patients 3 sessions, 9 patients
4 sessions, 6 patients 5 sessions, and finally 3 patients 6 sessions; thus, 84% of patients had 3
or more sessions. Neither accidental extubation nor severe hemodynamic compromise was
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observed when turning the patients prone. Figure 2 reports PaOz/FiOz, PaCOz, plateau

pressure, and compliance of the respiratory system at day 1, on the day of PP, and at the end
of the prone position sessions.
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Fig. 2 Box and whisker plots of PaO2/FiO2, PaCOy, plateau pressure, and compliance of the
respiratory system (Crs) at day 1 (D1), on the day of prone positioning (Dpp), and at the end of prone
ventilation sessions (Denp). Horizontal line inside the box = median. *p < 0.05 using one-way analysis
of variance (ANOVA)

The duration of mechanical ventilation was 24 ? 19 days. Eleven patients died after

12 7 5 days, leading to a 19% mortality rate at day 60, for a predicted mortality rate of 44%.
The SMR was 0.43. No interaction was found between the year of inclusion and the mortality
rate (p = 0.148). Mortality rate was 28% in patients who had a PaOz/FiO2 below 60 mmHg,

16% in patients who had a PaOz/FiO2 between 60 and 80 mmHg, and 17% in patients who
had a P2102/Fi02 above 80 mmHg. Table 1 reports the main characteristics and causes of

death in these patients. Among the overall population of 218 ARDS patients, age and the
severity of circulatory failure were associated with death at day 60 (Table 2). Prone position
appeared to be protective (odds ratio 0.35,p =0.01, Table 2).

Table 1 Cause of death in the 11 deceased patients among the 57 patients positioned prone
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[Patient [SAPS II |Age (years) |Time of death |Cause of death

|1 |29 |58 |Day 18 |MI—cardiogenic shock
P |74 72 [Day 12 |Withdrawing LST

|3 |65 |77 |Day 10 |Refractory hypoxemia
4 |76 155 IDay 12 |Liver failure-cirrhosis
5 |58 180 IDay 17 |Stroke

6 |60 182 IDay 20 |VAP SS

17 32 43 IDay 15 IVAP SS

8 34 39 [Day 6 |VAP SS

9 |78 180 IDay 4 |VAP SS

10 40 177 [Day 6 ILung fibrosis

i1 |63 o IDay 12 [Massive PE

SAPS Il simplified acute physiologic score, Ml myocardial infarction, LST life-sustaining therapies,
VAP ventilator-acquired pneumonia, SS septic shock, PE pulmonary embolism

Table 2 Risk factors significantly associated with death at day 60 in the cohort of 218 ARDS patients

‘ Alive Dead Univariate Logistic regression (OR
(n=134) (n=84) analysis (P) [95% CI]; P)

|Age (years) (50?16 63213 [<0.0001 105 [1.02-1.07]; < 0.001

ISAPS 1I 51217 61 222 10.0003 |1.00 [0.98-1.02]; 0.87

IP/F (mmHg) (128?72  [117270  [0.29 -

Crs

(mlL/cmH_0) 205?87 212272 [0.82 ‘—

LIS 2672052 (2737054 (044 -

IPP (%) 34 |13 0.0003 10.35 [0.16-0.79]; 0.01

ICF grade (%) | | |<0.0001 [2.19 [1.29-3.72]; 0.004

[0 s 7 | |

L 15 P | |

2 57 g | |

P/F, Crs, LIS, and CF grade were calculated at day 1

CF grade circulatory failure grade: 0, no circulatory failure; 1, need for minor vasoactive drugs
(dopamine, dobutamine); 2, need for major vasoactive drugs (epinephrine, norepinephrine). SAPS Il
simplified acute physiologic score, P/F PaO2/FiO2, Crs compliance of the respiratory system, LIS lung
injury score
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Discussion

We report here our 13-year experience of ARDS management combining a low stretch
ventilation strategy with ventilation in the prone position in patients with the most severe
ARDS. This strategy resulted in 26% of our ARDS patients being positioned prone. Mortality
rate was 19% in patients with a PaOz/FiO2 below 100 mmHg and 28% in those with a

P2102/Fi02 below 60 mmHg. The SMR was 0.43 and PP appeared to be protective in a

multivariate logistic regression analysis.

PP in ARDS was first proposed in 1977 [/3]. However, randomized controlled studies in
adults have failed to demonstrate improvement in prognosis [/4—/6]. Many explanations
have been advanced: a lack of power in the Spanish study [/6], too short a PP session, i.e.,

6 h, in the Italian study [/5], and too heterogeneous a population in the French study [/4]. In
fact, the Italian study suggested a gain in the subgroup of patients with a PaOz/FiO2 below

100 mmHg [15]. Very recently, in a meta-analysis including 10 studies, Sud et al. [3]
demonstrated that prone ventilation reduces the relative risk of death in patients with severe
hypoxemia, i.e., those with a PaOz/FiO2 below 100 mmHg, by 16%. However, PP is often

considered as a rescue therapy and is not used in many ICUs. Our results suggest that such a
strategy is useful, may save lives, and could be included in the routine therapeutic protocol of
ICUs. We perform the procedure without thoracopelvic support, with prone position sessions
of 18 h/day. Thoracopelvic support has been reported to be poorly tolerated hemodynamically
[/7]; and in their meta-analysis, Sud et al. [5] reported that prone position lasting longer than
14 h tends to have an impact on mortality.

In the recent CESAR study, which compared ECMO with conventional strategy in ARDS,
inclusion criteria were age 18—65 years and LIS greater than 3.0, or greater than 2.5 if the
patients continued to deteriorate [3]. Severity was evaluated after about 35 h of mechanical
ventilation, in hemodynamically stable patients, as in our strategy. The mean PaOz/FiO2 was

76 mmHg, very close to ours, and the mortality rate at 6 months was 37% in the ECMO
group and 45% in the control group. Interestingly, the response to prone position was not
taken into account to assess the need for ECMO and few patients actually had ventilation in
the prone position [3]. In the recent Australian—-New Zealand experience in flu (HINT1)
ARDS, 61 patients underwent ECMO [4]. The lowest median PaOz/FiO2 was 56 mmHg and

LIS was 3.8 with an average PEEP of 18 cmHZO (3.13 in our study with an average PEEP of
5.6 cmHzO). Only 20% of the patients were ventilated in the prone position before deciding

to start ECMO [4]. Finally, Roch et al. [ /8] recently reported a prospective observational
comparative study in 18 cases of severe influenza A (HIN1) ARDS. In the ECMO group,
in-hospital mortality was 56% in patients with the same SAPS II but a higher LIS [/§].
Interestingly, in the non-ECMO group, with less critically ill patients than in our series,
in-hospital mortality was also 56% and nothing was said regarding the use of PP [/8].
However, the HIN1 population is probably different from other types of ARDS [4], rendering
any definitive comparison between these studies and our results difficult.

The low mortality rate of our study can be directly attributed to prone ventilation, as
suggested by our logistic regression of factors of mortality, but also to our associated low
stretch ventilation strategy, with a plateau pressure below 28 cmHZO, a low PEEP
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(5-7 cmH20), and controlled hypercapnia [/0]. Prone ventilation allowed us to improve

oxygenation and to recruit the lung without increasing PEEP and plateau pressure [/9]. In a
previous study, Villar et al. [20] reported mortality as high as 68% in patients with a
PaOz/FiO2 below 150 mmHg after 24 h of a nonprotective mechanical ventilation.

Interestingly, in the most recent trial conducted in patients with severe hypoxemia, prone
ventilation did not provide any benefit, despite its use within 72 h of diagnosis and a session
lasting up to 20 h/day [2/]. The 28-day mortality rate was 37.8%. However, oxygenation
improvement due to PP did not lead to a decrease in PEEP, which remained close to

14 cmHZO [27]. This may contribute to persistent high lung stress, counterbalancing the

beneficial effects of prone ventilation.

Despite our low mortality rate, 11 of the 57 patients died. This raises the question of the place
of ECMO in these cases. Interestingly, our patients died 12 ? 5 days after admission, most
from a complication acquired in the ICU and not from refractory hypoxemia, suggesting the
futility of such a procedure in this subgroup. However, our study is clearly not large enough
to answer to this question.

One can say that the relatively low PEEP used in our patients may overestimate the level of
lung injury when compared with other series using a PEEP above 10 cmHZO. The response to

standard ventilator settings, 24 h after meeting ARDS criteria, has been proposed by Villar et
al. [/] to separate patients according to the degree of lung damage. Patients in whom a PEEP
of 10 cmHZO or above with an FiO2 of 0.5 or more increased the PaOz/FiO2 above

200 mmHg had a significantly lower mortality compared with the others. In the latter group
of established ARDS, in-hospital mortality was 45.5% [1]. Interestingly, our patients were
also selected after 24—48 h of ventilation. However, despite a median PEEP of 5.6 cmH20,

the mean LIS was 3.13. In the study by Villar et al. [/], the mean LIS in patients with
established ARDS was 2.9. Estenssoro et al. [22] also reported how different levels of PEEP
may change the evaluation of lung injury based on the PaOz/FiO2 ratio. But, they

demonstrated that LIS remains stable whatever the PEEP [22].

The main limitation of our study is its observational and uncontrolled design, without a
control group. As shown in the flow chart of our study, the mortality rate of patients with
ARDS who were not positioned prone was higher, but most of these patients had severe
hemodynamic compromise with a P2102/Fi02 above 100 mmHg, clearly illustrating in which

patients PP can be proposed. Our population of 57 patients positioned prone was very close to
other series in terms of lung injury, as described above, but also in terms of hemodynamic
impairment. For instance, 58% of patients required infusion of vasopressor versus 57% in the
Australian—New Zealand study [4] and 44% in the recent study by Roch et al. [/8]. In the
study of Villar et al. [/], only 39% of patients had shock. Finally, the effect of PP on survival
may also be related to the combined low stretch ventilation strategy, as explained above, but
also to the timing of PP (2448 h after intubation), which is especially early compared with
previous studies.

In conclusion, we demonstrate the clinical feasibility of routine PP in patients with
PaOz/FiO2 below 100 mmHg after 24-48 h and suggest that, when combined with a low

stretch ventilation strategy, it is protective leading to a high survival rate.
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