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PRONE POSITIONING IN ARDS

Prone Positioning in Acute Respiratory Distress Syndrome: A Retrospective Review
CHAPTER ONE: INTRODUCTION
The use of prone positioning as an intervention for acute respiratory distress
syndrome (ARDS) has been used for decades. Although evidence repeatedly shows
oxygenation improvement when ARDS patients are placed in a prone position,
establishing a relationship between prone positioning and survival has proven to be
difficult. Recent research indicates that prone positioning may significantly reduce
mortality. Replication and further exploration of prognostic outcomes is imperative for
developing evidence-based recommendations for optimal clinical management of ARDS
patients. This retrospective, quantitative study will explore the relationship between
mortality and the two variables of prone positioning and severity of ARDS within a major
hospital system in Southern California.
Background and Significance
ARDS is a life-threatening inflammatory condition of the lungs that has the
potential to result in refractory hypoxemic respiratory failure (Hodgson et al., 2013).
Approximately 190,000 individuals are affected by ARDS annually in the United States
(National Institute of Health, 2007). Although research has broadened the
pathophysiological understanding of ARDS over recent decades, the mortality rates for
this condition remain exceptionally high at 40 to 60 percent (Villar et al., 2011; Zambon
& Vincent, 2008). In addition, ARDS is associated with a longer hospital stay which
increases the risk for complications and leads to inflated medical expenses (Rubenfeld et
al., 2005). Incurred hospital costs from ARDS patients in the United States average
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$57,400 per admission (Angus et al., 2006). Over the course of the last decade, the
United States healthcare system has evolved into one that focuses on careful allocation of
resources in an effort to minimize cost while improving outcomes (Chassin & Loeb,
2011). In fact, research shows that outcome improvement reduces overall healthcare
costs (James & Savitz, 2011). As a result, evidence-based research demonstrating
outcome improvement is used to guide clinical practice in the U.S. healthcare system
today (Chassin & Loeb, 2011).
ARDS treatment priorities involve the expeditious identification and management
of the underlying clinical disorder coupled with high quality supportive care that aims to
prevent infection, multi-organ failure, and other associated complications (Sharma,
2009). Several specialized therapies, commonly referred to as “rescue therapies,” have
been used for the supportive care of ARDS patients (Collins & Blank, 2011). These
interventions include the use of inhaled vasodilators (nitric oxide, prostacyclin), almitrine
bismethylate infusion, extracorporeal membrane oxygenation (ECMO), and prone
positioning (Collins & Blank, 2011). These therapies have evolved over the years and
are used indiscriminately for ARDS patients throughout hospitals in the United States
(Hodgson et al., 2013). Although evidence supports these therapies as effective
interventions for the improvement of oxygenation, evidence linking each of them to
survival in ARDS populations is largely unavailable (Sharma, 2009).
The use of prone positioning to improve oxygenation of mechanically ventilated
patients has been well documented since the 1970s (Piehl & Brown, 1976). Studies over
the years have built a robust case to support the relationship between prone positioning

2

PRONE POSITIONING IN ARDS

and oxygenation improvement in patients specifically diagnosed with respiratory failure
and ARDS (Abroug, Ouanes-Besbes, Elatrous, & Brochard, 2008; Gattinoni et al., 2001;
Guerin et al., 2004; Mancebo et al., 2006; Voggenreiter et al., 2005). This evidence has
brought about an increased use of prone positioning to treat ARDS patients in recent
years. Current research expands on this evidence and suggests that prone positioning has
the potential to improve outcomes such as survival in severe ARDS cases (Abroug,
Ouanes-Besbes, Dachraoui, Ouanes, & Brochard, 2011; Guerin et al., 2013; Sud et al.,
2010). As a result, many healthcare systems have taken steps to evaluate their
therapeutic protocols and consider pronation as a standard of care in severe ARDS
patients (Guerin et al., 2013).
In the past few decades, the United States healthcare system has widely adopted
evidence-based approaches to guide the clinical management of all patients (McClellan,
McGinnis, Nabel, & Olsen, 2007). Now an important component in practicing medicine,
evidence-based research is crucial in determining the best practice for disease
management. Many evidence-based practices observed in hospitals are utilized because
they improve outcomes such as survival (Deutschman & Neligan, 2010). Research to
support the argument that prone positioning may improve outcomes in ARDS patients
exists but is not abundant. Thus, there is a need for replication and further research to
support the most recent findings of Abroug et al. (2011), Guerin et al. (2013), and Sud et
al. (2010). Additional research in this area will add to the growing body of knowledge
regarding ARDS management.

3

PRONE POSITIONING IN ARDS

The Problem
ARDS is a condition that causes irreversible damage to the lungs. High-quality
supportive care is the only option for ARDS treatment. Although supportive care for
ARDS patients has improved over the last few decades, prognosis is still poor with
mortality estimates ranging from 40 to 60 percent (Villar et al., 2011; Zambon &
Vincent, 2008). Several rescue therapies are used in the setting of ARDS for the purpose
of improving oxygenation. Recent evidence, however, indicates that prone positioning
not only improves oxygenation but significantly reduces mortality (Abroug et al., 2011;
Guerin et al., 2013; Sud et al., 2010). This suggests that ARDS patients may have a
better chance of survival if placed in a prone position. The associated patient risks and
cost with prone positioning make this therapy debatable in the absence of unwavering
prognostic improvement. Replication and further investigation of the relationship
between prone positioning and the outcome of survival is essential for determining the
best practice management of ARDS patients.
Purpose of the Research
The purpose of this research was to explore the outcome of mortality in ARDS
patients treated in a major hospital system in Southern California. This study
investigated the ability to predict mortality in ARDS patients based on position placement
(supine or prone). This study also investigated the predictability of mortality in ARDS
patients based on the severity of ARDS (moderate or severe).
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Research Question
Does position placement (supine or prone) and stage of ARDS (moderate or
severe) predict mortality in ARDS patients?
Research Hypothesis
Position placement (supine or prone) and stage of ARDS (moderate or severe)
will predict mortality.
Research Variables
The dependent variable was mortality, defined as death by any cause that
occurred during the patient’s hospital stay during which they were diagnosed with
ARDS. The two independent variable groups were position placement (supine or prone)
and stage of ARDS (moderate or severe). Supine patients remained in the supine position
for the duration of their hospital stay. Prone positioned patients were placed in a prone
position for a minimum amount of time based on current literature. The stage of ARDS
was determined differently for patients depending on their position placement. The
details of these variables will be further discussed in the literature review.
The demographic variables included age, gender, body mass index (BMI),
Sequential Organ Failure Assessment (SOFA) score, presence of sepsis, use of inhaled
nitric oxide, and a history of comorbid conditions which included coronary artery disease
(CAD), diabetes (DM), renal failure (RF), and hepatic disease (HD). All demographic
variables were used exclusively for the purpose of describing the population.
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CHAPTER TWO: LITERATURE REVIEW
The United States healthcare system has evolved into one that hinges clinical
decision-making on evidence-based research. The process of determining the most
appropriate clinical management of any disease requires a complete understanding of the
disease pathophysiology. It also necessitates a review and critique of the existing
research on the subject. Recent research suggests that position placement affects
survivability in ARDS patients. Furthering the development of ARDS research begins
with an extensive review of all literature concerning ARDS treatment and outcomes.
The literature search began with the use of Google Scholar. Initially, the term
“prone position in ARDS” generated greater than twenty thousand articles. Other search
terms used included, “prone position physiology,” “ARDS prone position,” “prone
position nursing,” and “ARDS treatment.” The search was narrowed to peer-reviewed
articles published no earlier than 2010. Some articles with earlier publication dates were
used due to the limited research available involving ARDS and the outcome of mortality.
Research extracted and reviewed from this database included articles from peer-reviewed
journals such as randomized controlled trials (RCTs), meta-analyses, systematic reviews
and consensus reports. Databases such as CINAHL, PubMed, and Cochrane Database of
Systematic Reviews were utilized as well. Literature used for this review originated from
peer-reviewed sources and was chosen based on high-quality design, appropriateness of
research outcome variables, and clear articulation of findings. Studies that involved
prone positioning for acute respiratory failure, acute lung injury (ALI), and ARDS were
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all used. Studies published in a foreign language were excluded and studies that involved
pediatric participants in any part of the study were also excluded.
Conceptual Framework
The conceptual framework used for this study is embedded in physiology. To
appreciate the approach to ARDS management, it is crucial to understand the underlying
pathophysiology of this condition. It is also imperative to explore the physiological
underpinnings of oxygenation in both supine and prone positions and how this difference
in position is known to affect ARDS patients. Together these subjects provide the
structure for the conceptual framework that guides this study. The pathophysiology of
ARDS, the physiological understanding of oxygenation in both supine and prone
positions, and the physiological effects of position change in the setting of ARDS are
discussed in depth as part of the review of literature.
Certain physiological assumptions must exist in the application of this conceptual
framework. ARDS can result from a number of different diseases and conditions.
Regardless of the cause, the clinical picture of ARDS remains the same in all adults.
Therefore, for the purpose of this study, it was assumed that all ARDS patients in the
moderate and severe groups had comparable presentations of the ARDS process within
each stage regardless of the primary disease or condition that caused ARDS. In addition,
all patients who met the inclusion criteria were assumed to have comparable pre-existing
pulmonary function and a comparable physiological potential to recover from ARDS.
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Pathophysiology of ARDS
ARDS can result from direct lung injury caused by pneumonia, aspiration,
inhalation injury, pulmonary contusion, fat or air emboli, near drowning, or reperfusion
injury (Ware, 2006). Direct lung injury is commonly referred to as acute lung injury
(ALI), a term often used to describe a subgroup of ARDS patients that originally
presented with the aforementioned etiologies (Sud, Sud, Friedrich, & Adhikari, 2008).
ARDS can also result from indirect injury to the lung such as sepsis, severe trauma,
burns, multiple transfusions, cardiopulmonary bypass, drug overdose, toxic ingestion, or
acute pancreatitis (Ware, 2006). The ARDS pathology is best described by diffuse
alveolar damage that causes an increase in pulmonary alveolar-capillary membrane
permeability (Barbas, Matos, Amato, & Carvalho, 2012). This damage can result from
injury to alveolar epithelium (as in inhalation exposures) or injury to the capillary
epithelium (as in sepsis) (Choi, 2010).
Despite the nature of the initial lung injury, ARDS follows a predictable course
that involves three phases: exudative, proliferative, and fibrotic (Choi, 2010). The
exudative phase occurs 1 to 7 days after initial injury and involves interstitial edema,
intra-alveolar hemorrhage, and a presence of hyaline membranes in alveolar ducts and
walls (Choi, 2010). The proliferative phase, 1 to 3 weeks following the initial insult,
consists of type II pneumocyte hyperplasia, mononuclear cell predominance, and
organization of alveolar exudates (Choi, 2010). The fibrotic phase occurs weeks to
months after initial injury and is characterized by chronic inflammation, interstitial
fibrosis, and continued type II pneumocyte hyperplasia (Choi, 2010). With early
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recognition and treatment of the cause, some ARDS patients have successful resolution
of diffuse alveolar damage during the proliferative phase (Choi, 2010). Patients who
progress to fibrotic stages and remodeling of the lung tissue are associated with poor
clinical outcome (Barbas et al., 2012). Thus, the importance of identifying and treating
ARDS in its early stages of the disease process cannot be overemphasized.
The physiological process behind oxygenation improvement in ARDS patients
when placed in a prone position lacks a clear and concise explanation. However, the
physiological understanding of lung function in both supine and prone positions lends to
several logical reasons for this phenomenon. As a general rule, regional alveolar
inflation is greater in the nondependent areas of the lung than the dependent areas of the
lung (Gattinoni et al., 2010). Therefore, in the supine position, the size of alveolar units
decreases exponentially from ventral (nondependent) to dorsal (dependent) lung regions
(Gattinoni, Pelosi, Valenza, & Mascheroni, 2004). This indicates the inflating forces of
the lung decrease along the ventral-to-dorsal axis in the supine position due to an increase
in pleural pressure in the dependent lung regions (Gattinoni & Caironi, 2010). In healthy
individuals, this increase in pressure in the dependent areas is thought to be a result of the
abdominal organs and the heart pushing towards the lungs (Gattinoni & Caironi, 2010).
In ARDS, the edema in the lungs may triple the normal lung mass (Gattinoni et al.,
2006). Therefore, the dependent lung regions are not only compressed by organs but also
by the abnormal weight of the edematous lung tissue (Gattinoni et al., 2006). This leads
to a ventilation/perfusion (V/Q) mismatch due to a greater area of lung compression and
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the subsequent inability to recruit a sufficient amount of alveoli (Gattinoni & Caironi,
2010).
When an ARDS patient is placed in the prone position, the same physiological
events occur, but the asymmetrical shape of the lungs produces a different result in the
presence of edema (Gattinoni et al., 2010). In a prone position, the dorsal region of the
lung becomes the nondependent area and the ventral the dependent. Anatomically, the
lung tissue mass is significantly greater in the dorsal regions (Gattinoni & Caironi, 2010).
Thus, when the weight of the lung is shifted to the ventral region, the greater dorsal
portion of the lung is able to re-inflate (Gattinoni et al., 2010). This shift results in a
relative increase in alveolar recruitment compared to that in the supine position
(Gattinoni et al., 2010). The prone position also leads to more homogeneous lung
inflation and more homogenous alveolar ventilation, decreasing the risk of ventilatorinduced lung injury (Galiatsou et al., 2006; Valenza et al., 2005). This greater
homogeneity in the prone position is thought to also improve V/Q mismatch and promote
better gas exchange (Gattinoni et al., 2010; Pelosi, Brazzi, & Gattinoni, 2002).
Theoretically, this may prevent advancement of the lung tissue to fibrotic stages. Even
further, treatment of hypoxemia with this therapy may maintain global perfusion,
ultimately preventing the multi-organ failure that commonly causes death in ARDS
patients (Sharma, 2009).
Oxygenation Improvement in ARDS
Oxygenation is determined through the arterial partial pressure of oxygen (PaO2),
a value obtained with an arterial blood gas sample (Brochard et al., 2012). When the
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arterial partial pressure of oxygen (PaO2) is divided by the inspired fraction of oxygen
(FiO2), the PaO2/FiO2 (P/F) ratio is obtained (Brochard et al., 2012). This ratio is the
value most frequently used to determine severity of lung failure and is currently used to
differentiate between mild, moderate, and severe stages of ARDS (The ARDS Definition
Task Force, 2012). In ARDS patients, the P/F ratio is largely dependent on the
physiologic factors of hemodynamic status (mixed venous oxygen tension) and
intracardiac shunt potential (Brochard et al., 2012). The P/F ratio may also be affected by
clinical interventions such as low tidal volume ventilation, the use of positive end
expiratory pressure (PEEP), the use of inhaled vasodilators, and positional changes
(Brochard et al., 2012).
Low tidal volume ventilation. Additional variability in oxygenation between
patients may result from differences in the tidal volume ventilation of a patient. Normal
tidal volume selection is based on 10 milliliters per kilogram of predicted body weight
(Kopterides, Siempos, & Armaganidis, 2009). Low tidal volume ventilation (6 milliliter
per kilogram of predicted body weight) is a lung protective maneuver frequently (but not
always) used in the prone position to minimize lung over-distention (Kopterides,
Siempos, & Armaganidis, 2009). Ultimately, clinicians seek a balance between
maintenance of alveolar recruitment and avoidance of pulmonary over-distention, V/Q
mismatch, and hemodynamic compromise (Hess & Thompson, 2005). This balance may
require different ventilation volumes depending on the unique physiological makeup and
condition of each patient.
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PEEP. PEEP is a ventilating mechanism used in the management of respiratory
failure to recruit alveoli for optimal gas exchange. High PEEP levels (greater than 10 cm
H2O) in mechanically ventilated and supine ARDS patients can improve oxygenation
and P/F ratio in the presence of functional alveolar recruitment (Di Marco et al., 2010).
Conversely, 0 cm H2O of PEEP is likely harmful to patients with ALI/ARDS in the
supine position (Ferguson et al., 2005). In the prone position, however, evidence
indicates that lower PEEP (less than 10 cm H20) is necessary for optimal gas exchange
(Cakar, Der Kloot, Youngblood, Adams, & Nahum, 2000; Gainnier et al., 2003;
Petersson et al., 2010). Currently, no standard recommendation exists for PEEP
requirements in either supine or prone position for an ARDS patient. Literature indicates
that PEEP undoubtedly has an effect on oxygenation and P/F ratio in ARDS (Di Marco et
al., 2010). Thus, a minimum PEEP of 5 cm H2O is required for a patient to meet the
definition for ARDS. This definition will be discussed in the Major Variables Defined
section of this paper.
Inhaled vasodilators. Inhaled nitric oxide (iNO) is a potent vasodilator that has
been shown to improve P/F ratio and V/Q mismatch in ARDS patients (Hodgson et al.,
2013; McCartney, Saha, Rees, Lawy, & Mosaheb, 2013). When inhaled, nitric oxide
causes smooth muscle relaxation and dilatation in the pulmonary vasculature (McCartney
et al., 2013). While literature demonstrates improvement in P/F ratio and V/Q mismatch
with the use of iNO, it also continues to rebut the hypothesis that these interventions have
any effect on mortality (Adhikari et al., 2007; Afshari, Brok, Moller, & Wetterslev, 2011;
Taylor et al., 2004).

12

PRONE POSITIONING IN ARDS

Prone Positioning. Oxygenation improvement in hypoxemic patients placed in a
prone position was first documented over 30 years ago (Piehl & Brown, 1976).
Throughout the years, research has demonstrated this same correlation repeatedly with
many different ARDS etiologies (Guerin et al., 2004). Gattinoni et al. (2001) and Guerin
et al. (2004) found that placing patients in acute respiratory failure in a prone position
improves oxygenation greater than 60 percent of the time. Voggenreiter et al. (2005)
found that oxygenation improved in post-traumatic lung injury patients in the first 4 days
of pronation, reducing the prevalence of ARDS and pneumonia. Another study showed
improved oxygenation with prone positioning in patients with ARDS that resulted from
community-acquired pneumonia (Chan et al., 2007). Sud et al. (2010) found a 27 to 39
percent improvement of oxygenation in the first 3 days of prone positioning in a variety
of different ARDS/ALI etiologies. The evidence that supports physiological
improvement with pronation in the diverse hypoxemic population has resulted in the
formulation of the next logical hypothesis that prone positioning improves the outcome of
survival. Thus, a rigorous effort has ensued in the scientific community to link this
intervention with better prognostic outcomes in the setting of ARDS.
Prone Positioning and Mortality Correlations
Despite the consistent documentation of sustained oxygenation improvement that
occurs with prone positioning, research has found challenges in proving that this
intervention has any impact on mortality. The inability to significantly identify an
association between prone positioning and mortality may be attributed to the lack of
subgroup data in most trials (Sud et al., 2010). This means the lack of significant
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findings may be related to the wide spectrum of hypoxemic severity observed within
patient samples in the past. For example, many studies included ARDS patients with P/F
ratios as high as 300 mmHg (Gattinoni et al., 2001; Tiruvoipati, Bangash, Manktelow, &
Peek, 2008). When subgroup analysis is performed to include only severe ARDS
patients (P/F ratio less than 100 mmHg), a significant mortality reduction is observed
across many studies (Abroug et al., 2011; Alsaghir & Martin, 2008; Kopterides, Siempos,
& Armaganidis, 2009; Taccone et al., 2009).
Experts also believe that limited sample sizing in past RCTs contributed to the
inability to significantly link prone positioning with mortality (Abroug et al., 2011).
Meta-analysis has since been used to overcome sample size limitations, revealing
significant mortality reduction in severe ARDS cases within the intensive care unit (ICU)
(Sud et al., 2010). Sud et al. (2010) conducted a meta-analysis and found a significant
difference in mortality rate in prone positioned patients with a P/F ratio less than 100
mmHg compared to prone positioned patients that had a P/F ratio greater than 100 mmHg
(risk ratio= 0.84, 95% CI [0.74, 0.96], P= 0.01). This is a trend also observed in other
studies, indicating that the use of a prone position may be more appropriate for severely
hypoxemic patients (Gattinoni et al., 2010; Sud et al., 2010).
Abroug et al. (2011) conducted a meta-analysis on seven high-quality RCTs.
Prone positioning RCT studies published before 2006, typically used a shorter duration of
prone positioning (less than 17 hours per day) and applied this intervention to both ALI
and ARDS patients (Gattinoni et al., 2001; Guerin et al., 2004; Voggenreiter et al., 2005).
More recent RCT studies (studies after 2006) applied the longest prone positioning
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durations ranging from 17 to 24 hours per day and focused exclusively on ARDS patients
(Chan et al., 2007; Fernandez et al., 2008; Mancebo et al., 2006; Taccone et al., 2009).
Prone positioning did not reduce ICU mortality when all seven RCTs were considered
(odds ratio= 0.91, 95% CI [0.75, 1.2], P= 0.39) (Abroug et al., 2011). However, ICU
mortality was significantly reduced in the more recent studies that used greater than 17
hours per day of prone positioning on ARDS patients only (odds ratio= 0.71, 95% CI
[0.5, 0.99], P= 0.048) (Abroug et al., 2011). This raises the question of how the
pathologies of ALI and ARDS caused by indirect lung injury might contribute differently
to prone positioning outcomes, but also demonstrates a greater potential effect on
mortality with longer prone duration.
The most recent and significant article, otherwise known as the Proning Severe
ARDS Patients (PROSEVA) study, involved a prospective, RCT that investigated
mortality outcomes in 466 severe ARDS patients (P/F ratio < 100 mmHg) (Guerin et al.,
2013). The experimental protocol required strict adherence to a number of inclusion
parameters. Each patient selected for the experimental prone group remained in a prone
position for a minimum of 16 hours per day, allowing 4 hours within a 24 hour period to
properly bathe and assess the patient in a supine position. The results from this study
reported a significant decrease in both 28-day and 90-day mortality with the early
application of prolonged prone positioning (Guerin et al., 2013). 28-day mortality for the
prone group was 16 percent and 32.8 percent for the supine group (P < 0.001) (Guerin et
al., 2013). The hazard ratio reported for death in the prone group at 28 days was 0.39
with a 95% CI [0.25, 0.63] (Guerin et al., 2013). 90-day mortality for the prone group
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was 23.6 percent and 41 percent for the supine group (P<0.001) (Guerin et al., 2013).
The hazard ratio reported for death in the prone group at 90 days was 0.44 with a 95% CI
[0.29, 0.67] (Guerin et al., 2013).
Limitations of this particular study include a possible lack of generalizability to
other countries since participants were strictly European. Adverse outcomes may vary
between facilities due to the experience difference amongst staff in implementing
pronation therapy. Additionally, the average body mass index of the participants in this
study was 29 kilograms per meter squared, indicating that the ideal population for prone
ventilation may be obese individuals. If this is the case, it is important to consider the
risk this intervention poses to staff members, especially when using a conventional bed.
Despite limitations, research community interest in this data has sparked much inquiry on
the ideal practice for ARDS treatment procedures. Studies like this require replication
and further investigation regarding the optimal stage to initiate pronation, the optimal
duration of therapy, and the ideal population for this intervention.
Prone Positioning Costs and Risks
Prone positioning can be a costly intervention. The process of placing a patient in
the prone position requires a coordinated team effort with skilled staff to prevent adverse
events (Guerin et al., 2013). This includes allocation of nursing staff so that prone
positioned patients are given a nursing ratio of one-to-one. This results in an increase in
staffing requirements for the intensive care unit and a subsequent increase in cost. A
patient can be placed in a prone position with a conventional bed or with a specialized
rotational bed (Goldhill, Imhoff, McLean, & Waldmann, 2007). Both techniques pose
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many risks for both patient and nurse. Bajwa, Arasi, Canabal, & Kramer (2010) suggest
that the use of an automated prone positioning bed reduces the incidence of adverse
events. The increase in daily hospital cost for the specialty bed rental charges is
noteworthy if the hospital does not own one already.
Adverse occurrences from pronation are uncommon but potentially serious
(Sharma, 2009). Guerin et al. (2013) suggests that the application of this intervention by
experienced and properly trained personnel may reduce the rate of complications.
Placing a patient in a prone position requires moving the patient in a way that risks injury
to both patient and staff. Prone positioning increases the risk of pressure ulcers and
potentiates the dislodgement of endotracheal tubes, intravenous lines, and chest tubes
(Sud et al., 2010; Tiruvoipati et al., 2008). Moving patients from one bed to another risks
spinal injury to staff, but the use of an automated bed may decrease this risk overall
(Bajwa et al., 2010). Contraindications for prone positioning include spinal instability,
uncontrolled intracranial pressure, and, in some cases, hemodynamic and cardiac
instability (Sharma, 2009). When assessing patients for prone positioning
appropriateness, the approach must be individualized and collaborative. While it is
important to identify which patients are not suitable for prone positioning, many times the
benefits may outweigh the risks and costs of this intervention.
Major Variables Defined
Stage of ARDS. Originally described in 1967 by Ashbaugh, Bigelow, Petty, &
Levine (1967), the definition of ARDS for the purpose of diagnosis continues to be
refined. The organization of the clinical and pathophysiological information of ARDS
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into a process that yields proper diagnosis has always been controversial (Ranieri,
Rubenfeld, & Thompson, 2013). According to the American-European Consensus
Conference (AECC) criteria, ARDS was previously defined in the clinical setting with
the following diagnostic criteria:
1. Acute onset of symptoms
2. P/F ratio less than or equal to 200 mmHg
3. Airway pressure (Paw) less than or equal to 18 mmHg
4. Bilateral infiltrates seen on frontal chest radiograph (Bernard et al., 1994)
This definition has since been revised to better prognosticate ARDS outcomes. The
newly adopted and currently used Berlin definition of ARDS consists of the following
clearly-defined parameters:
1. Onset less than or equal to 7 days from predisposing clinical insult
2. Bilateral opacities consistent with pulmonary edema detected on either chest
computed tomography (CT) or chest X-ray (CXR)
3. Respiratory failure not fully explained by cardiogenic pulmonary edema or
volume overload
4. When the patient meets the previous three criteria and is receiving a PEEP equal
to or greater than 5 cm H2O, the patient is then placed into one of the following
categories:
a. Mild ARDS: P/F ratio 200-300 mmHg
b. Moderate ARDS: P/F ratio 100-200 mmHg
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c. Severe ARDS: P/F ratio less than 100 mmHg (The ARDS Definition Task
Force, 2012)
This definition currently aids all clinical practitioners in the early identification of ARDS
with the ultimate goal of reducing mortality and improving prognosis. For the purpose of
this study, the stage of ARDS for each patient was confirmed using the Berlin Definition.
All of the above criteria were confirmed in each ARDS patient through the chart review
process using data collected from physician notes, nursing notes, radiology reports, and
laboratory results. The PaO2/FiO2 ratio determined the staging of ARDS (moderate or
severe) for each patient, but the process in determining the PaO2/FiO2 ratio differed
based on their position placement. The stage of ARDS for supine patients was
determined by their worst PaO2/FiO2 ratio during their course of ARDS treatment. The
stage of ARDS for prone positioned patients was determined by the worst PaO2/FiO2
ratio prior to prone position placement.
Respiratory Failure and Acute Lung Injury (ALI). According to the National
Institute of Health, respiratory failure is defined as an impairment of oxygen and/or
carbon dioxide exchange (National Institute of Health, 2011). It can be acute or chronic
and occurs concurrently with ALI and ARDS (Gattinoni et al., 2004). ALI is a term often
used interchangeably with ARDS in literature, with ARDS typically representing a more
advanced stage of ALI (Sud, Sud, Friedrich, & Adhikari, 2008). In the setting of
respiratory failure, ALI and ARDS complicate the gas exchange impairment with severe
hypoxemia and bilateral lung injury (Gao & Barnes, 2009). The distinction between ALI
and ARDS is arbitrary (Sharma, 2009). The severity of hypoxia does not correlate
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reliably between the two pathologies and does not influence prognosis (Sharma, 2009).
Thus, for the purpose of this study, patients selected for participation may have been
referred to as having acute respiratory failure or ALI in the chart but met the specific
criteria for the Berlin Definition of ARDS.
Position Placement. Supine patients remained in the supine position the entire
duration of their hospital stay. They may have been on specialized beds that provided
automated rotation from side to side at various degrees. However, they remained in a
supine position for the full course of their hospital visit. A standard therapeutic time for
prone positioning does not exist. Any amount of time in the prone position could be
considered a confounding factor. Therefore, supine patients were not placed in a prone
position for any amount of time. This ensured that supine patients received absolutely no
therapeutic benefit from being placed in a prone position.
In the absence of therapeutic standards for the prone intervention, the minimum
duration of prone placement for each patient in this study was determined by the existing
research on the subject. As previously discussed, some studies suggest that a longer
duration of prone positioning throughout each 24 hour period may increase its effect on
mortality (Chan et al., 2007; Fernandez et al., 2008; Mancebo et al., 2006; Taccone et al.,
2009). Taccone et al. (2009) also found that ARDS patients did not reach statistically
significant oxygenation improvement until the beginning of the third day of pronation
therapy. The minimum number of days needed to achieve therapeutic improvement from
prone positioning was not reported as a variable in any other study. Rather, oxygenation
improvement was generally reported to occur within the first few days of prone
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positioning therapy (Sud et al., 2010; Voggenreiter et al., 2005). Total number of days
that pronation was applied varied in all studies because weaning was dependent on the
clinical improvement of the patient which ranged from a few hours to many days (Sud et
al., 2010). Thus, for the purposes of this study, the minimum time required to achieve a
therapeutic level of prone positioning was 16 hours per day for two consecutive days (48
hours) based on data presented by Taccone et al. (2009).
Mortality. The single dependent variable of mortality was determined for each
patient. Mortality was recorded if death occurred during the hospital admission in which
the diagnosis of ARDS was given. Mortality from any cause was reported during the
hospital admission for which ARDS occurred. The hospital system from which this data
originated does not provide long-term medical follow-up on every patient after discharge
from the hospital. Therefore, hospital mortality was the only mortality information that
could be extracted from the chart review.
Sequential Organ Failure Assessment (SOFA) score. The SOFA score is a
method of scoring patients based on their organ dysfunction to determine their mortality
risk at a certain point in time (Ferriera, Bota, Bross, Melot, & Vincent, 2001). The SOFA
score reflects a cumulative scoring of six different organ systems (Vincent et al., 1996).
These organ systems include respiratory (PaO2/FiO2 ratio), coagulation (platelet count),
liver function (total bilirubin), cardiovascular (hypotension severity), central nervous
system (Glascow Coma Scale), and renal system (creatinine) (Vincent et al., 1996). In
the SOFA calculation, each organ system is assigned a point value ranging from 0 to 4.
All organ system points are added up to total the SOFA score which corresponds to a
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specific category of mortality risk (Vincent et al., 1996). The mortality risk categories
consist of the following (Vincent et al., 1996):
1. A score of 0 to 6 has less than 10 percent mortality risk
2. A score of 7 to 9 has 15 to 20 percent mortality risk.
3. A score of 10 to 12 has 40 to 50 percent mortality risk.
4. A score of 13 to 14 has 50 to 60 percent mortality risk.
5. A score of 15 has greater than 80 percent mortality risk.
6. A score of 15 to 24 has greater than 90 percent mortality risk.
The SOFA score was calculated for each ARDS patient within 24 hours after they were
admitted to the ICU. Some patients were in and out of the ICU more than once during
the course of their hospital stay and some were treated for ARDS in more than one ICU
stay. In such cases, the SOFA score was calculated at the 24 hour mark for the first ICU
stay that diagnosed and treated them for ARDS. The SOFA score in this study provided
a baseline acuity assessment for the ARDS population in this study.
Sepsis. Approximately 71 percent of all ARDS patients have sepsis (Barbas et
al., 2012), making this an important subject to address in the context of this study. Septic
patients have a higher mortality rate, a greater length of hospital stay, and increased risk
of complications than patients without sepsis (Hall, Williams, DeFrances, & Golosinskiy,
2011). These rates, however, have improved over the years with the use of evidencebased practice guidelines to assist with earlier diagnosis and effective treatment of sepsis
(Dellinger et al., 2013). It is important to consider that ARDS patients with sepsis may
have a more complicated course of illness. Even though sepsis may be a confounding
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variable for mortality, it was imperative to include such patients so that an adequate
sample size could be obtained for this study. Furthermore, eliminating septic patients
from this study would have reduced the generalizability of the findings to the ARDS
population which happens to be more septic than not. Thus, the presence of sepsis was
recorded for each ARDS patient within this study.
Inhaled Nitric Oxide. Inhaled nitric oxide (iNO) was recorded for any patient
that received any amount of nitric oxide for any amount of time during their treatment for
ARDS. Although it is not an evidence-based intervention for improving outcomes in
ARDS patients, many ARDS patients in this chart review were found to be treated with
iNO for severe hypoxemia. Many of the patients that received iNO were also placed in a
prone position, making it difficult to obtain an adequate sample size of prone positioned
patients without iNO therapy. The use of iNO would be a logical confounding variable in
this study due to its ability to increase oxygenation (Adhikari et al., 2007). However, the
existing iNO research repeatedly demonstrates that iNO does not affect hospital mortality
(Adhikari et al., 2007; Afshari et al., 2011; Taylor et al., 2004). Therefore, ARDS
patients that received iNO during the course of their treatment for ARDS were included
in this study, allowing for the inclusion of a greater number of prone positioned ARDS
patients. Frequency of iNO use in the sample population was recorded for descriptive
purposes only.
Comorbid Conditions. The comorbid conditions recorded in this study reflect a
patient history of major chronic illnesses that have the potential to affect the ability to
maintain adequate organ function during an acute illness. The comorbid conditions
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considered for this study included coronary artery disease, diabetes, renal disease, and
hepatic disease. Each condition was scored only if it was a pre-existing condition prior to
hospital admission.
Inclusion and Exclusion Criteria
Attempts to limit the confounding variables within this study involved the use of
specific inclusion and exclusion criteria. To ensure appropriate sampling of the
population and avoid selection bias, patients were systematically included into the study
using the following criteria. ARDS patients used for this study were included only if they
met the specific Berlin Definition criteria for moderate and severe ARDS as previously
discussed (The ARDS Definition Task Force, 2012). Prone positioning in adult patients
is based on homogenous pleural pressure distribution gradient and changes in chest wall
compliance (Abroug et al., 2011). The same physiological responses to prone positioning
in ARDS are not proven to take place in children (Abroug et al., 2011). Therefore,
patients were included only if they were 18 years of age and older. Specific positioning
criteria were established as well. Patients coded for the supine group were never placed
in a prone position for any amount of time. In addition, patients coded for the prone
group received the predetermined therapeutic duration of prone positioning (Taccone et
al., 2009). For the purpose of this study, that therapeutic amount was 16 hours per day
for 48 hours as previously discussed.
The pathophysiological complexity of ARDS requires the application of specific
exclusion criteria as well. Patients were excluded from the study entirely if they were
placed in a prone position but did not remain in prone position for the minimum
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therapeutic time. This ensured that each patient placed in the prone group received a
therapeutic level of prone time according to Taccone et al. (2009). This also eliminated
the potential for a sub-therapeutic prone time to affect outcomes of patients that remained
supine. Patients less than 18 years of age were excluded from this study as discussed
earlier. Patients that were transferred from or to another hospital during the course of
their ARDS treatment were eliminated from the study as well because lack of clinical
data and outcome information.
This study also excluded patients with particular pulmonary histories such as
COPD, pulmonary fibrosis, interstitial lung disease, lung cancer, and lung resection.
Patients with underlying pulmonary fibrosis and interstitial lung disease are known to
have a very poor prognosis in the setting of ARDS due to the fibrotic lung state that
already exists within the tissue of the lungs (Ley, Collard, & King, 2011). The existence
of COPD in patients that have ARDS significantly reduces their survival rate due to the
reduced lung compliance (Fadi, Mohamed, Komara, & Guzman, 2011). Furthermore, a
lack of viable lung tissue due to cancer growth or previous lung resection has the
potential to severely limit pulmonary function and recovery from ARDS (Dulu et al.,
2006). Thus, patients with these underlying pulmonary conditions were entirely
excluded.
Extracorporeal membrane oxygenation (ECMO) is an additional therapy used to
treat severe hypoxemia (Hodgson et al., 2013). A therapy sometimes used for the
treatment of ARDS, this therapy can be used alone or in conjunction with other therapies
to treat severe hypoxemia (Hodgson et al., 2013). Although recent research suggests that
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ECMO may have an effect on survival in ARDS patients, this subject is still a topic of
debate (Robak et al., 2014). Since ECMO has the potential to affect mortality rates in
ARDS treatment and directly affects oxygenation in any condition, patients that received
this therapy were excluded from the study.
Summary
The use of prone positioning in ARDS patients continues to be a topic of debate
despite its frequent use in hypoxemic patients over the years. The firmly established link
between this intervention and improved oxygenation in ARDS implies that it may also
improve survival. Research has found challenges in providing evidence to support this
hypothesis due to inadequate sample sizing and lack of subgroup analysis. Literature
review of current research yielded two meta-analyses and one RCT that were able to
overcome these limitations and demonstrate significant reduction in mortality with prone
positioning in ARDS patients. These results have spurred much inquiry in the medical
community regarding current ARDS treatment and whether this evidence supports the
formulation of a new standardized practice in ARDS management. Regardless,
replication and further investigation of outcomes related to prone positioning is
necessary. This scholarly thesis expands on the existing literature by retrospectively
assessing if position placement and severity of ARDS significantly affects the outcomes
of mortality in one particular hospital system.
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CHAPTER THREE: METHODOLOGY
The outcome of mortality is of specific concern in the ARDS population. This
study focused on the two variables of stage of ARDS and position placement and their
ability to predict mortality. Although recent research has demonstrated a possible
relationship between prone positioning and increase in survival in severe ARDS, this
evidence lacks replication. A conceptual model to predict the outcome of mortality with
these variables does not yet exist. Assessing the outcome of mortality in ARDS patients
through a retrospective chart review can provide the groundwork to build and test
predictive models that could be used to guide the clinical management of ARDS
prospectively. The formulation of a predictive model could potentiate the standardization
of effective therapies in ARDS management system-wide and improve overall outcome.
For the purpose of this study, a binary logistic regression was chosen to determine
how well the independent dichotomous variables of stage of ARDS (moderate and
severe) and position placement (supine and prone) might predict the dependent
dichotomous variable of mortality. This type of model also determined whether each
independent variable significantly contributed to the variance between the other
independent variable and mortality. Ultimately, strength and directionality of each
independent variable in relation to mortality was determined after adjusting for the
influence of the other independent variable (Plichta & Kelvin, 2013).
Research Question
Does position placement (supine or prone) and stage of ARDS (moderate or
severe) predict mortality in ARDS patients?
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Research Hypothesis
Position placement (supine or prone) and stage of ARDS (moderate or severe)
will predict mortality.
Identification of Setting
Retrospective data for this study came from five major hospitals within a
particular healthcare system in San Diego, California. The hospital sites used for this
study regularly provide care for ARDS patients in both supine and prone positions. Data
came from medical records of ARDS patients that were admitted to these five hospitals
between January 2011 and August 2014. The hospitals chosen for this study serve a
diverse population with a variety of different diagnoses in San Diego County. ARDS
patients typically receive care in the intensive care unit during the most critical phase of
their illness and are subsequently transferred to lower acuity units. Therefore, ARDS
patients included in this study may have received care in various inpatient areas within
the hospital setting including the intensive care unit, the step-down unit, and the medicalsurgical unit.
Research Design
Reduction in mortality with prone positioning in ARDS has been demonstrated
through meta-analysis and large randomized controlled trials (RCTs) (Abroug, OuanesBesbes, Dachraoui, Ouanes, & Brochard, 2011; Guerin et al., 2013). These two research
methods were used to overcome limitations of inadequate sample size and lack of
subgroup analysis in the ARDS population. A retrospective quantitative study was
chosen for this research for similar reasons. Medical record review provided patient-
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specific data that was used to determine stage of ARDS and position placement for
analysis. It also provided the demographic and clinical data required to perform
descriptive statistics and the final regression analysis.
Although this design had the potential to overcome limitations identified in
previous studies, the internal validity of this research design was compromised by the
lack of protocol to guide prone positioning practice. Lack of a standard protocol meant
that clinical decision making had the potential to vary greatly from case to case. In
addition, ARDS patients are often complicated with confounding factors that involve
acute, non-pulmonary-related events such as myocardial infarction, stroke, sepsis,
hospital-acquired infections. In addition, there was a large variation in the use of
particular therapies such as vasopressors, paralytics, and mechanical ventilation
techniques. All of these factors contribute to the complex nature of each ARDS patient.
Population and Sample
Patient records for this study were obtained through convenience sampling. An a
priori power analysis was calculated for logistic regression with the G*Power 3.1.7
software system (Faul, Buchner, Erdfelder, & Lang, 1992-2012) using an odds ratio of
0.3 (Abroug et al., 2011), an H0 of 0.9, an alpha of 0.05, and a power of 0.80. The
population sample (n=171) exceeded the minimum sample size of 64 required to carry
out a multiple logistic regression analysis. This exceedance of sample population was a
result of oversampling to achieve a minimum representative sample of prone patients
(n=32). Ideally, the sample would be balanced in a logistic regression. However,
position placement of ARDS patients within the data set was so disproportionate that
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sampling was continued until at least half of the minimum sample size was obtained
(n=32). Incidentally, the number of prone positioned patients that were identified within
the designated sampling period happened to be 32. See Appendix A for the G Power
analysis.
A query request was run through the informatics division of the participating
healthcare system. The query required specific ICD 9 codes to generate the patient
population. Within the ICD 9 classification system, no specific code for ARDS exists.
Therefore, 80 pulmonary-related ICD 9 codes were used for the query in an attempt to
include all possible patients that may have been diagnosed with ARDS during their
hospital admission. See Appendix B for the list of ICD 9 codes that were used to
generate a population of potential ARDS patients through the hospital informatics
system. The query produced a list of 8990 patient medical records. The size of this
output limited how far back in time the query could search. Therefore, the period of time
that ARDS patients were pulled from was limited to January 2011 through August 2014.
Patient information ended in August of 2014 because this was the time at which the query
was generated.
Each medical record number was entered into the GE Centricity search engine.
Discharge summaries were reviewed for every patient admitted to the hospital within the
time period of January 2011 to August 2014 (n=8990). If ARDS was discussed as part of
patient’s medical course, they were placed on a secondary list that was later reviewed in
depth for inclusion to the study. A few patients had multiple admissions for ARDS. In
such cases, the first admission that involved ARDS treatment was used due to the
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propensity to develop pulmonary fibrosis after ARDS (Ley et al., 2011). An additional
list of patients was also obtained from the Arjo Huntleigh bed rental agency. This list
included all patients that used a rotational bed during their hospital stay. These patients
were also placed on the secondary list for in-depth review. Then, medical records from
the secondary list were extensively reviewed using GE Centricity and McKesson
applications. The diagnosis of ARDS was confirmed and inclusion to the study was
determined for each patient using the previously discussed inclusion and exclusion
criteria.
Measurement Methods
Measurements for the variables in this study came from the meticulous review of
physician notes, physician dictations, physician orders, nursing notes, radiology reports,
discharge paperwork, and death reports. In the participating hospital system, physician
notes, physician orders, and nursing notes were handwritten and scanned into the
electronic medical records. Thus, information was extracted from electronically
generated and handwritten paper generated medical records. All variables were measured
by systematically combing through each medical record for the desired data and
recording it in a spreadsheet. Independent and dependent variables were measured as
dichotomous variables. All dichotomous variables were entered into the spreadsheet
using the predetermined coding system. See Appendix C for the coding system that was
used.
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Data Collection Process
Institutional Review Board (IRB) approval from the University of California San
Marcos was requested and received prior to data collection initiation in June 2014.
Approval through the healthcare institution was completed through the Quality
Improvement division. Collected data from this project was ultimately used for a quality
improvement project within the healthcare system. Thus, IRB approval within the
healthcare institution was not required. The chart review and data collection process took
place in the hospital at all times and took a total of four months to complete.
All medical records were accessed through a secure, password protected computer
in the office of the intensive care unit manager. Data was organized in electronic
spreadsheets using Microsoft Excel (2010). All data collection files were saved and
stored on a password protected USB device called an iron key. Once included into the
study, each medical record number was assigned a unique research identification number.
An electronic list containing each research identification number and corresponding
medical record number was maintained on the iron key. Thus, personal identification
information was not included in the master spreadsheet used for the data collection and
subsequent analysis. After each data collection session, the iron key was disconnected
from the computer and locked in the manager’s cabinet while not in use.
Coding and Scoring
The data collected for this study involved the coding of several dichotomous
variables. All independent and dependent variables in this study were dichotomous and
required coding for statistical analysis. Demographic variables for this study included
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age, gender, BMI, SOFA score, comorbid conditions, use of iNO, and presence of sepsis.
The ratio variables of age, BMI, and SOFA score were recorded as their true values. All
other demographic variables were coded due to their dichotomous nature. See Appendix
C for the list of variables collected and the corresponding numerical codes that were used
for both descriptive and statistical purposes.
Data Analysis
Data collected and recorded in the Microsoft Excel 2010 spreadsheet was
imported to IBM SPSS Statistic 20 software (2011) for analysis. Demographic
information was used for reporting the characteristics of the sample population and was
not used in the analysis as a predictor to determine statistical significance. Frequencies
and descriptive statistics were used to summarize the demographic information extracted
from the chart review to provide a general impression of the sample population.
As mentioned previously, a binary logistic regression was chosen to determine the
predictability of the dichotomous variable of mortality based upon the two independent
variables of stage of ARDS and position placement. Because the dependent variable of
mortality was dichotomous, logistic regression was the most appropriate test to determine
predictability. Prior to performing this analysis, regression diagnostics were performed
to confirm that the data met all assumptions for regression analysis. This involved
performing bivariate correlations and running collinearity diagnostics. Residual statistics
and scatterplots were not performed to determine outliers due to the binary nature of the
predictor variables.
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Upon determining that the data met all assumptions for regression, correlations
using Spearman’s rho were computed for an initial look at how the independent variables
correlated with the dependent variable. The binary logistic regression was then
performed using the standard or simultaneous method in which all independent variables
were included in the analysis at the same time. Dummy variables were not required.
This logit model determined whether each independent variable significantly contributed
to the variance in the relationship between the other independent variable and mortality.
Strength and directionality of each independent variable in relation to mortality was
determined after adjusting for the influence of the other independent variable. This will
be discussed further in the results and discussion section.
Bias
Bias is a common problem in retrospective studies. The two types of bias that
may have affected this study are selection bias and information bias. Selection bias is
caused by error in choosing the appropriate individuals for the study (Polit & Beck,
2012). Although the sample population was initially generated through a computerized
query, each participant’s record was manually screened to determine if he or she met the
criteria. Strict inclusion and exclusion criteria were created to avoid any bias in the
selection process. In addition, every identified ARDS patient that met inclusion criteria
for this study was used. No ARDS patients identified within the time period of January
2012 to August 2014 were rejected from the sample.
Information bias arises from measurement error and can involve situational
contaminants, administration variants, instrument clarity, and instrument format (Polit &

34

PRONE POSITIONING IN ARDS

Beck, 2012). These factors were particularly difficult to control in a retrospective study
involving. Missing or incorrect data within the medical chart was not rectifiable and, in
many cases, undetectable. For example, the process of scanning documents into the
medical record could have easily omitted a key piece of information that may have been
used to determine the stage of ARDS. However, much of the data collected for this study
was dichotomous in nature and recorded as either present or not present. Therefore,
information bias was minimized despite the uncontrollable nature of a retrospective
review.
Ethical Considerations
The nature of retrospective research limits the issues of ethical dilemma.
However, the principle of justice and the right to privacy in relation to the Health
Insurance Portability and Accountability Act of 1996 (HIPAA) is of primary concern
(United States Government, 2011). To limit the risk of inappropriate health information
transmission, the medical record number was the only patient identifying information
used in the data collection process. This was the only considerable patient risk within
this study. Therefore, patient consent was not necessary. As discussed earlier, medical
record numbers were used to access medical records. However, patient medical record
numbers were assigned corresponding research identification numbers and stored on a
password protected USB device in a secure place. The research identification number
was then used to record all variable information on the master data collection spreadsheet
that was ultimately used for statistical use. This prevented any identifiable information
from being inappropriately accessed.
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Summary
This study aimed to determine the predictability of mortality with the independent
variables of stage of ARDS and position placement. Data collection was performed
exclusively at the healthcare institution that provided medical record access for this
retrospective chart review. Patient information was handled in accordance with the
Health Insurance Portability and Accountability Act of 1996 (HIPAA) (United States
Government, 2011). All variables used for the statistical analysis were dichotomous and
coded appropriately for use in IBM SPSS Statistic 20 software (2011). Characteristics of
the population were summarized using descriptive statistic and frequencies. Patient data
met all assumptions for logistic regression. A binary logistic regression analysis was then
used to determine the predictability of mortality with the two independent variables of
stage of ARDS and position placement.
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CHAPTER FOUR: RESULTS
This retrospective quantitative chart review aimed to investigate how well stage
of ARDS and position placement was able to predict mortality in the setting of a regional
healthcare system in San Diego. The retrospective chart review resulted in a total of 171
patients that were admitted and treated in one of the five hospitals within a major
healthcare system in San Diego County for ARDS between January 2011 and August
2014. A post hoc power analysis was conducted using an odds ratio of 0.3 (Abroug et al.,
2011, an H0 of 0.9, an alpha of 0.05, and the obtained sample number of 171. The post
hoc analysis generated by the G*Power 3.1.7 software system (Faul et al., 1992-2012)
yielded a power of 0.998.
Sample
Descriptive information from the ARDS patient medical records was extracted
during the chart review for the purpose of quantitatively describing the population. Out
of the 171 patients, 58 percent (n=99) were male and 42 percent were female (n=72).
Mean age of the population was 60 years old with the youngest patient at 22 years of age
and the oldest at 98 years of age (Table 1). Over half of the individuals in the sample
population were either overweight or obese. Figure 1 categorizes the patients into the
standard BMI ranges as recommended by the Centers for Disease Control and Prevention
[CDC] (2014).
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Table 1
Age of the Sample Population in years (n= 171)
Variable
Statistical Value
Mean
60
Median
59
Mode
57
Standard Deviation
17.06
Minimum
22
Maximum
98
Figure 1. Frequency of Body Mass Index (kg/m2) (n=171)
70
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Note: Underweight range: less than 18.5 kg/m2, normal weight range: 18.5 to 24.9 kg/m2; overweight
range: 25.0 to 29.9 kg/m2; obese weight range: 30 kg/m2 and above (CDC, 2014).

Clinical data were collected to describe the medical complexity of the ARDS
patients. Of the comorbidities that were considered, 19.9 percent had a history of
coronary artery disease, 25.7 percent had underlying diabetes mellitus, 14 percent had a
history of liver disease, and 19.3 percent had underlying renal disease. Figure 2 shows
the frequencies of the comorbid conditions for the sample population.
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Figure 2. Frequency of Comorbid Conditions (n=171)

Renal Disease

Liver Disease
Comorbid
Conditions
Diabetes Mellitus

Coronary Artery Disease
0
10
20
30
40
50
Total Number of Patients with Condition in Sample

Additional clinical data collected included the SOFA score, the frequency of iNO
use, and the frequency of sepsis during the treatment of ARDS. Figure 3 summarizes the
24 hour SOFA scores for the sample population. The mean 24 hour SOFA score for the
sample population was 8.8 which. This value is associated with a 15 to 20 percent risk of
hospital mortality. The 24 hour SOFA score mode, however, was 10. This value is
associated with a 40 to 50 percent risk of hospital mortality. Inhaled nitric oxide was
used in 22.8 percent of the patients during the course of their ARDS treatment. Sepsis
occurred in 73.7 percent of patients during the course of their treatment for ARDS.
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Figure 3. Frequency of 24 hour SOFA Score (n=171)
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Of the 171 ARDS patients, 32.2 percent (n=55) were classified as moderate
ARDS and 67.8 percent (n=116) were classified as severe ARDS (Table 2).
Approximately 81 percent (n=139) of the ARDS patients remained in a supine position,
while approximately 19 percent (n=32) were placed in a prone position (Table 3). The
descriptive information presented will be discussed further in the discussion chapter of
this paper.
Table 2
Stage of ARDS (n=171)
Stage of ARDS
Number of Patients
Moderate
55
Severe
116
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Table 3
Position Placement (n=171)
Position Placement
Number of Patients
Supine
139
Prone
32
Data Collection and Preparation
All assumptions were met for the binary logistic regression. This was confirmed
by performing a specific set of diagnostics with SPSS prior to completing the analysis.
These tests included bivariate correlations using the predictor variables and collinearity
diagnostics. Bivariate correlations were performed to ensure a low degree of intercorrelation between predictor variables. The correlation coefficient (r = -0.138)
represented a weak correlation between the predictor variables of position placement and
stage of ARDS (Table 4). Collinearity diagnostics were also performed to confirm that
the predictor variables were not significantly inter-correlated (Table 5). The tolerance
statistic was greater than 0.10 and the variance inflation factor (VIF) statistic was less
than 10. Both of these values indicate that there was minimal collinearity among the
predictor variables.
Table 4
Coefficient Correlations
Predictor Variable
Position
Position
1
Stage of ARDS
-0.138

Stage of ARDS
-0.138
1
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Table 5
Collinearity Statistics
Predictor Variable
Tolerance
Stage of ARDS
0.981
Position
0.981

VIF
1.019
1.019

Statistical Results
Initial analysis involved a Spearman’s rho correlation that was calculated using a
two-tailed approach and an alpha of 0.05. The Spearman’s rho results indicated there is a
small to moderate and significant correlation in mortality becoming more likely as the
stage of ARDS increases from moderate to severe (ρ=0.191; p-value=0.012). There was
a small to moderate but non-significant negative correlation in the relationship between
position and mortality (ρ= -0.140; p-value= 0.068). Thus, as the position changed from
supine to prone, the likelihood of the patient dying increased. This relationship, however,
did not reach the 0.05 level of significance for the Spearman’s rho correlation.
Table 6
Spearman’s rho Correlation
Variable
Stage of ARDS
Correlation Coefficient
Sig. (2-tailed)
N
Position
Correlation Coefficient
Sig. (2-tailed)
N
Mortality
Correlation Coefficient
Sig. (2-tailed)
N

Stage of ARDS

Position

Mortality

1.000
.
171

0.138
0.072
171

0.191
0.012
171

0.138
0.072
171

1.000
.
171

-0.140
0.068
171

0.191
0.012
171

-0.140
0.068
171

1.000
.
171
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The binary logistic regression generated a series of results that aimed to answer
the proposed research question regarding the outcome of mortality. The classification
table in Block 0 indicated that the overall predictive capacity of the null model (mortality
in ARDS patients) without the independent variables was 52 percent. This suggests that
without the consideration of the independent variables, this model predicts the outcome
of mortality correctly approximately fifty percent of the time. This value was then
compared to the model’s predictive capacity when considering the independent variables.
The classification table in Block 1 indicated that the capacity of this model to
predict mortality increased from 52 percent to 64.3 percent when stage of ARDS and
position placement were considered. This indicated that there was a 12.3 percent
increase in classification accuracy when the independent variables were added to the
equation. In other words, nearly 65 percent of the mortality outcome was predicted by
this regression model. The proportional by chance accuracy criteria was 62.5 percent.
This value was less than the overall accuracy rate of 64.3 percent, indicating the criteria
for classification accuracy was satisfied.
The Omnibus Tests of Model Coefficients table produced a Chi-square value (X²=
11.2) with a significance level of 0.004, indicating that the regression model has the
potential to be a good prediction tool. Other measures obtained in the regression model
included the Cox and Snell R square value and the Nagelkerke R Square value. These
pseudo R square values were used to measure the usefulness of the model. The Cox and
Snell R Square (R²= 0.064) and the Nagelkerke R square (R²= 0.085) both indicated that
stage of ARDS and position placement have a small effect size on mortality. The
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Nagelkerke R square value is the most commonly reported pseudo R square value in
logistic regression. Its value of 0.085 indicated that approximately 8.5 percent of the
variance in mortality was explained by ARDS severity and positioning. In addition, the
Hosmer and Lemeshow Test compared the predicted outcomes with the observed
outcomes within the sample population and determined that the model is a small to
moderately good fit for the proposed research question with a p-value of 0.148.
Table 7 summarizes the pertinent values from the Variables in the Equation Table
generated by the logistic regression analysis in SPSS. This table provides information
used to determine how the independent variables were able to predict the outcome of
mortality using this model. In this particular study, stage of ARDS (p value= 0.006) and
position (p value= 0.028) were statistically significant predictors in the regression
equation model. The null hypothesis that the β coefficient for stage of ARDS was equal
to zero was rejected. The null hypothesis that the β coefficient for position placement
was equal to zero was rejected as well. The significance was estimated using a Wald
statistic with one degree of freedom. The standard error for the two variables and the
constant was less than 2.0, indicating that multicollinearity among the independent
variables was not a concern for this model.
Table 7
Simultaneous Logistic Regression: Variables in the Equation
Variable
Stage of ARDS
Positon
Constant

B

S.E.

0.955
-0.914
-0.395

0.345
0.417
0.282

Significance

Exp(B)

0.006
0.028
0.161

2.598
0.401
0.674

95% Confidence Interval for
Exp(B)
Upper
Lower
1.321
5.111
0.177
0.907
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The exponentiation of the β coefficient [Exp(B)] is the adjusted odds ratio (OR)
for this logistic regression study. The OR for stage of ARDS was 2.598 (95% confidence
interval [CI] 1.321 to 5.111). In other words, the odds of mortality occurring in severe
ARDS patients were 2.6 times greater than the odds of mortality occurring in moderate
ARDS patients. The OR for position placement was 0.401 (95% CI 0.177 to 0.907). OR
values less than 1.00 indicate a decreased odds ratio for increase in one unit of the
independent variable. Thus, the odds of mortality occurring in supine patients were
approximately 60 percent less than the odds of mortality occurring in prone positioned
patients.
Summary
The binary logistic regression found stage of ARDS and position placement to be
significant predictor variables in the outcome of mortality in ARDS patients within the
sample population. All assumptions were met for the use of a binary logistic regression
model. The model was determined to be a good prediction tool and a small to moderately
good fit for the study. There was no evidence of numerical problems in the solution and
the classification accuracy surpassed the proportional by chance accuracy criteria,
supporting the utility of the model. An increase in severity of ARDS was associated with
an increased likelihood of mortality in the sample population used for this study. This
supports the existing literature regarding the clinical course and associated outcomes of
ARDS. An increase in value of position placement (prone positioning) was significantly
associated with a decreased probability of mortality. This inverse association contradicts
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the recent evidence that supports the benefits of prone positioning in ARDS treatment.
These results will be discussed further in the following chapter.
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CHAPTER FIVE: DISCUSSION
Recent research suggests that placing severe ARDS patients in a prone position
can decrease the risk or mortality. These findings have become evident through metaanalysis of several previous studies where patient data was grouped together to create a
large sample population (Abroug et al., 2011). The most significant study that
demonstrated a reduced risk of mortality with prone positioning involved a randomized
controlled trial that included strict inclusion criteria, a protocol that guided clinical
management, and a patient sample population of over 400 individuals (Guerin et al.,
2013). The study described in this scholarly paper found a statistically significant
relationship between both independent variables (stage of ARDS and position placement)
and the dependent variable (mortality). However, the directionality of the relationship
between position placement and mortality opposes the findings of recent research
concerning this subject.
Major Findings
The hypothesis for this research study states the following: Position placement
(supine or prone) and stage of ARDS at the time of prone positioning initiation (moderate
or severe) will predict mortality. The results of this study support the hypothesis that
position placement and stage of ARDS are able to predict mortality. Severe ARDS
patients were had significantly higher risk of mortality than moderate ARDS patients
which was an expected relationship based on evidence within the research community
(Abroug et al., 2011). Contrary to what was described in Guerin et al. (2013), however,
prone positioning significantly increased the probability of mortality in this study.
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Spearman’s rho correlations found a significant relationship between stage of ARDS and
mortality, but the correlation between position placement and mortality was not
significant. The lack of significant correlation makes the predictability of mortality with
position placement questionable. Although predictability with position placement was
significant in the analysis, there are many limitations and potential confounding variables
to consider in this study. In light of the limitations and confounding variables involved in
this study, the results of this study cannot be used to formulate a prediction equation for
the outcome of mortality using the independent variables of stage of ARDS and position
placement.
Although the limitations are great enough to question the utility of the analysis,
the process of collecting data has brought into focus many aspects about the management
of ARDS within the particular hospital system used for this study. For one, the number
of ARDS cases managed with prone positioning was far less than expected. Only 19
percent of the ARDS patients were placed in a prone position. This may be related to the
lack of evidence to support prone positioning during the period of time the sample was
collected. In addition, several prone positioned ARDS cases were excluded from this
study due to the inability of the prone duration to meet the inclusion criteria. Several
others were excluded because of their medical history of COPD or previous pulmonary
disease. This suggests that a greater number of patients may have been included if the
therapeutic time for prone duration was shorter. It also suggests that patients are being
placed in a prone position indiscriminate of any underlying pulmonary disease process.
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Although evidence repeatedly demonstrates that iNO does not affect mortality in
ARDS, the frequency of iNO use in the treatment of ARDS was surprisingly high.
Approximately 23 percent of the ARDS patients in this study received this costly
intervention during the course of their treatment. Although iNO may improve
oxygenation, evidence does not support this practice as an intervention to improve the
outcome or mortality (Adhikari et al., 2007; Afshari et al., 2011; Taylor et al., 2004).
This may be a practice worth investigating for cost-effectiveness within the hospital
system used for this study.
Limitations
The sample population in this study was selected through convenience sampling.
Randomization of subjects was not possible due to the nature of the retrospective review.
Lack of a specific ICD-9-CM code for ARDS made it difficult to systematically identify
ARDS patients within the electronic medical record system. This sampling method
limitation made it difficult to say that all ARDS patients were accurately represented in
the sample population. The possibility of ARDS patients being unaccounted for was high
due to the potential human error involved in reading and interpreting discharge
summaries to identify the diagnosis of ARDS.
The a priori G*Power sample number (n=64) was exceeded in the sample
population. However, the number of prone positioned ARDS patients was far less than
supine positioned ARDS patients. Of the 171 ARDS patients included in the study, only
32 of them were placed in a prone position and met inclusion criteria. This equaled
exactly half of the required 64 patients calculated in the a priori G*Power analysis, a
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number that should be sufficient for the binary logistic regression. Nevertheless, the
large difference in numbers of supine versus prone patients may have affected the results
in both the Spearman’s rho correlations and the logistic regression.
The small frequency of prone positioned ARDS patients in this hospital system
leads to the logical consideration of additional limitations such as inexperience of staff
and variance in clinical decision-making amongst medical practitioners. The infrequency
of ARDS cases treated with prone position placement over the predetermined sampling
period may have contributed to lack of experience and variation in clinical practice,
factors that could considerably affect patient outcome. This small volume of prone
positioned cases does not allow for nurses or physicians to become familiar and remain
oriented with the process of managing a prone positioned patient. As discussed earlier,
no standardized protocol for prone position placement existed in this hospital system
during the sampling period. This factor may have also contributed to variation in clinical
practice. In addition, the sample comes from only one hospital system which may have
different philosophies and clinical approaches to treating ARDS when compared to other
hospital systems. Generalizability may be reduced as well because the sample population
represents ARDS patients from the one specific geographical location of San Diego
County.
Other important considerations regarding the sample population were the various
therapies that the patients may have received during their admission. Such therapies to
consider include the use of vasopressors, paralytics, specialized ventilation techniques, or
the use of specialty rotational beds. Some of the ARDS patients that remained supine
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were placed on specialty beds that vigorously rotated them frequently from 60 degrees on
the left to 60 degrees on the right in a supine position. This type of rotational positioning
could have greatly impacted the outcome of the supine ARDS patients. This therapy was
not accounted for in this study but was often observed through the process of collecting
patient data.
Inhaled nitric oxide was another therapy that may have affected the outcome of
mortality. 22.8 percent of the ARDS patients received iNO during the course of their
treatment for ARDS. ARDS patients that received iNO were included in the study to
allow for a greater number of prone positioned patients. If these patients were eliminated
from the sample population, the sample would not have been large enough to perform the
logistic regression analysis. The inclusion of ARDS patients that received iNO was
rationalized with the literature that shows iNO does not affect mortality in ARDS patients
(Adhikari et al., 2007; Afshari et al., 2011; Taylor et al., 2004).
Sepsis is another condition that must be considered as a potential confounding
variable in this study. Evidence shows that sepsis increases mortality, lengthens hospital
stay, and increases risk of complications (Hall et al., 2011). 73.7 percent of the ARDS
patients in this study were also diagnosed with sepsis. This rate was comparable to the
rate of occurrence of sepsis in ARDS found in literature (Barbas et al., 2012).
Eliminating patients with sepsis to avoid this potential confounding variable was not an
option due to the high rate of occurrence. In addition, eliminating ARDS patients with
sepsis would not accurately represent the general ARDS population because the
prevalence of sepsis in ARDS is so great. Thus, septic ARDS patients were included in
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the sample population to maintain generalizability of the study. The ability for sepsis to
exclusively affect the outcome of mortality in ARDS patients must be considered.
Implications for Nursing Practice and Research
The complex nature and high mortality rate of acute respiratory distress syndrome
(ARDS) fuels the ongoing effort for nursing and medical practitioners to explore the
outcomes of various ARDS treatments. Research continues to demonstrate the
improvement of oxygenation in ARDS patients with prone positioning (Chan et al., 2011;
Sud et al., 2010; Voggenreiter et al., 2005). The increase survivability with prone
positioning in ARDS presented by Guerin et al. (2013) warrant a need for replication and
further exploration of this subject. Prognostic outcomes are very important aspects of
clinical healthcare management. A treatment that has the potential to improve prognostic
outcomes should be investigated thoroughly.
In the intensive care environment, advanced nurse practitioners (APNs) and
registered nurses serve as part of a multidisciplinary team that manages the clinical care
of ARDS patients. As a part of this team, nursing staff has the unique opportunity to
participate in and contribute to the body of critical care research with the ultimate goal of
promoting evidence-based practices for clinical management of patients. Within this
role, advanced practice nurses can grow the body of knowledge regarding ARDS
treatment through their own research by participating on panels that organize randomized
clinical trials and by creating their own research opportunities through retrospective
review, meta-analysis, or through systematic review. Modern day healthcare systems
base clinical management on research. Advanced practice nurses have the ability to
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greatly impact clinical practice by contributing to research and participating in the
process of implementing evidence-based interventions at the bedside.
Recommendations for Future Research
Randomized controlled trials, meta-analyses, and systematic reviews have the
greatest epistemological strength when it comes to formulating evidence-based
recommendations for clinical practice (Polit & Beck, 2012). The reduction in mortality
with prone positioning demonstrated by Guerin et al. (2013) came from a randomized
controlled trial with a large sample size, strict inclusion criteria, and a clinical
management protocol. Reproducing this type of study would be ideal for future research
on this particular subject. Although this type of prospective randomized controlled trial
requires a tremendous amount of resources, time, and cooperation within an entire
hospital system, this type of study allows for a higher level of control within the patient
population with the use of a protocol. It also has the potential to yield a larger
experimental group which allows for subgroup analysis. With a larger sample population
other predictor variables such as sepsis, iNO, and advance rotational therapy could be
explored. In addition, research focusing on the optimal duration of prone position
placement would help guide practice and protocol standardization.
Many aspects of this retrospective review could be improved upon if it were to be
replicated. Most significantly, it would be ideal to generate a query for ARDS patients
after the ICD 10 diagnoses codes have been implemented within the hospital system.
This would ensure that the queried patients actually have the ARDS diagnosis,
simplifying the search for ARDS patients. Stratified sampling may be more effective at
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achieving proportionate numbers across homogenous populations. With stratification,
each ARDS subgroup would need to contain at least 33 percent of the entire ARDS
population. For example, each of the supine and prone subgroups would need to have
numbers that reflect at least 33 percent of the overall sample population. Optimally, this
would prevent underrepresentation of particular subgroup which might skew results.
Nonetheless, the population needs to exist in order to meet these requirements. In
addition, performing the review within a hospital system that uses a standardized protocol
for the management of ARDS would provide a setting with more congruent clinical
practices. This would eliminate factors that may have influenced outcome due to
variation in medical practice.
Summary
The ability for prone positioning to improve oxygenation in the setting of ARDS
is well-documented. The next logical hypothesis leads to the prediction that it might
reduce mortality. Only recently has research been able to support the relationship
between prone positioning and mortality reduction. Replication and additional
exploration of this association is required to support this hypothesis. This scholarly
research project explored the ability for stage of ARDS and position placement to predict
the outcome of mortality in ARDS patients. Although both independent variables were
found to be adequate predictors of mortality in the analysis, the integrity of the study is
questionable due to the sampling limitations and the use of therapies such as iNO and
specialty rotation beds. In light of such limitations, the results of this study cannot be
used to formulate a prediction equation for the outcome of mortality in ARDS patients.
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Through the process of this study, many aspects of ARDS management within the
specific hospital system used for this study have been observed. The use of rotational
beds and iNO in the treatment of ARDS are both factors that warrant further outcome
exploration. Continuing to evaluate ARDS outcomes as ICD 10 codes are implemented
and as the use of prone positioning becomes more frequent will be imperative in
determining optimal ARDS management within the hospital system used in this study.
Replication and additional research with the use of randomized controlled trials will help
all evidence-based practitioners better understand how we can optimize ARDS treatment.
As the research for ARDS management expands, the therapeutic interventions available
for this complex condition will be better understood and utilized appropriately with the
ultimate goal of improving outcomes.
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Appendix A
G*Power Analysis Output

z tests - Logistic regression
Options: Large sample z-Test, Demidenko (2007) with var corr
Analysis: A priori: Compute required sample size
Input:
Tail(s)
= Two
Odds ratio
= 0.3
Pr(Y=1|X=1) H0
= 0.9
α err prob
= 0.05
Power (1-β err prob)
= 0.80
R² other X
= 0
X distribution
= Normal
X parm μ
= 0
X parm σ
= 1
Output: Critical z
= -1.9599640
Total sample size
= 64
Actual power
= 0.8040087
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Appendix B
List of ICD 9 CM Codes
ICD 9 CM
Code
480.00
480.10
480.20
480.30
480.80
480.90
481.00
482.00
482.10
482.20
482.30
482.31
482.32
482.39
482.40
482.41
482.42
482.49
482.81
482.82
482.83
482.84
482.89
482.90
483.00
483.10
483.80
484.10
484.30
484.50
484.60
484.70
484.80

Diagnosis
Pneumonia due to adenovirus
Pneumonia due to RSV
Pneumonia due to parainfluenza virus
Pneumonia due to SARS-associated coronavirus
Pneumonis due to other virus not elsewhere classified
Unspecified
Pneumococcal pneumonia
Pneumonia due to Klebsiella pneumoniae
Pneumonia due to Pseudomonas
Pneumonia due Hemophilus influenzae
Pneumonia due to Streptococcus, unspecified
Pneumonia due to Streptococcus, group A
Pneumonia due to Streptococcus, group B
Pneumonia due to other Streptococcus
Pneumonia due to Staphylococcus, unspecified
Methicillin susceptible pneumonia due to Staphylococcus aureus
Methicillin resistant pneumonia due to Staphylococcus aureus
Other Staphylococcus pneumonia
Pneumonia due to anaerobes
Pneumonia due to escherichia coli
Pneumonia due to other gram-negative bacteria
Pneumonia due to Legionnaires' disease
Pneumonia due to other specified bacteria
Bacterial pneumonia, unspecified
Pneumonia due to mycoplasma organism
Pneumonia due to chlamydia
Pneumonia due to other specified organism
Pneumonia in cytomegalic inclusion disease
Pneumonia in whooping cough
Pneumonia in anthrax
Pneumonia in aspergillosis
Pneumonia in other sytemic mycoses
Pneumonia in other infectious diseases classified elsewhere
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485.00
486.00
487.00
487.10
487.80
488.01
488.02
488.09
488.11
488.12
488.19
488.81
488.82
488.89
506.00
506.10
506.30
506.90
507.00
507.10
507.80
508.20
508.80
508.90
514.00
516.30
516.32
516.33
516.34
516.35
516.36
516.37
516.80
516.90

Bronchpneumonia, organism unspecified
Pneumonia, organism unspecified
Influenza with pneumonia
Influenza with other respiratory manifestations
Influenza with other manifestations
Influenza due to identified avian influenza virus with pneumonia
Influenza due to identified avian influenza virus with other respiratory
manifestations
Influenza due to identified avian influenza virus with other
manifestations
Influenza due to identified 2009 H1N1 influenza virus with pneumonia
Influenza due to identified 2009 H1N1 influenza virus with other
respiratory manifestations
Influenza due to identified 2009 H1N1 influenza virus with other
manifestations
Influenza due to identified novel influenza A virus with pneumonia
Influenza due to identified novel influenza A virus with other respiratory
manifestations
Influenza due to identified novel influenza A virus with other
manifestations
Bronchitis and pneumonitis due to fumes and vapors
Acute pulmonary edema due to fumes and vapors
Other acute and subacute respiratory conditions due to fumes and vapors
Unspecified respiratory conditions due to fumes and vapors
Pneumonitis due to inhalation of food or vomitus
Pneumonitis due to inhalation of oils and essences
Pneumonitis due to other solids and liquids
Respiratory conditions due to smoke inhalation
Respiratory conditions due to other specified external agents
Respiratory conditions due to unspecified external agent
Pulmonary congestion and hypostasis
Idiopathic interstitial pneumonia not otherwise specified
Idiopathic non-specific interstitial pneumonitis
Acute interstitial pneumonitis
Respiratory bronchiolitis interstitial lung disease
Idiopathic lymphoid interstitial pneumonia
Cryptogenic organizing pneumonia
Desquamative interstitial pneumonia
Other specified alveolar and parietoalveolar pneumonopathies
Unspecified alveolar and parietoalveolar pneumonopathy
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518.40
518.51
518.52
518.53
518.60
518.70
518.81
518.82
518.83
518.84
518.89
519.90

Acute edema of lung, unspecified
Acute respiratory failure following trauma and surgery
Other pulmonary insufficiency, not elsewhere classified, following
trauma and surgery
Acute and chronic respiratory failure following trauma and surgery
Allergic bronchopulmonary aspergillosis
Transfusion related acute lung injury (TRALI)
Acute respiratory failure following trauma and surgery
Other pulmonary insufficiency, not elsewhere classified, following
trauma and surgery
Chronic respiratory failure
Acute and chronic respiratory failure following trauma and surgery
Other diseases of the lung not elsewhere classified
Unspecified disease of respiratory system
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Appendix C
Coding of Variables
Variable
Age
Gender
Body Mass Index (BMI)
SOFA24
Comorbid Conditions

Sepsis
iNO
Stage ARDS
Position
Mortality

Description
Years
Male
Female
kg/m2
Score within 24 hours in ICU
Coronary Artery Disease (CM0)
Diabetes Mellitus (CM1)
Hepatic Disease (CM2)
Renal Disease (CM3)
Presence of Sepsis
Use of Inhaled Nitric Oxide (iNO)
Severity of ARDS
Position Placement
Occurred or did not occur

Coding
None, ratio
0
1
None, ratio
None, ratio
no= 0; yes= 1
no= 0; yes= 1
no= 0; yes= 1
no= 0; yes= 1
no= 0; yes= 1
no= 0; yes= 1
Moderate= 0; Severe= 1
Supine= 0; Prone= 1
no= 0; yes= 1
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