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Abstract

There are few recommendations on how best to apply certain modes of mechanical
ventilation. The application of Airway Pressure Release Ventilation (APRYV) includes strategic
implementation of specific inspiratory times (I-times) and particular mean airway pressures
(MAWP) neither of which is standardized. This study utilized a retrospective analysis of
archived electronic health record data to evaluate the clinical outcomes of adult patients that had
been placed on APRYV for at least 8 hours. 68 adult subjects were evaluated as part of a
convenient purposive sample. All outcomes of interest (surrogates) for short-term clinical
outcomes to include the PaO2/FiO2 (P/F) ratio, Oxygen Index and Oxygen Saturation Index (OI;
OSI), and Modified Sequential Organ Failure Assessment (MSOFA) scores showed
improvement after at least 8 hours on APRV. Most notably, there was significant improvement
in P/F ratio (p =.012) and OSI (p = .000). Results of regression analysis showed P low as a
statistically significant negative predictor of pre-APRV P/F ratio with a higher initial P low
coinciding with a lower P/F ratio. The regression analysis also showed MAWP as a significant
positive predictor of post-APRV OSI and P high and P low as significant negative predictors of
post-APRV MSOFA scores. In summary, it was found that settings for P high, Plow, and T low
in addition to overall MAWP and Body Mass Index (BMI) had significant correlation to impact

at least one of the short-term clinical outcomes measured.
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Chapter 1: Introduction
Introduction to Chapter 1

Millions of patients are hospitalized in the U.S. each year, and roughly 3% of all who are
admitted to an acute care institution will require positive pressure ventilation (PPV) (Wunsch et
al., 2010). In an intensive care environment, there are multiple approaches to artificially
ventilating patients, and the means by which a patient is ventilated is well-known to affect the
patient’s course of care and, most importantly, outcomes (Serpa Neto, Cardoso, Manetta, & et
al., 2012). It has been established that PPV is anti-physiologic and contributes to morbidity and
mortality under certain conditions (A. Esteban et al., 2013). Furthermore, there is a correlation
between ventilation volume, airway pressure, and the development of ventilator-induced lung
injury (VILI) ("Ventilation with Lower Tidal Volumes as Compared with Traditional Tidal
Volumes for Acute Lung Injury and the Acute Respiratory Distress Syndrome," 2000).

Although recent animal studies have attempted to establish a type of strain threshold at
which lung damage occurs, there is lacking evidence as to which entity—dynamic strain (such as
volutrauma) or static strain (such as barotrauma)—primarily contributes to principal lung injury
(Protti et al., 2013; Protti et al., 2011). Volutrauma, caused by generalized lung overdistention,
and barotrauma, caused by high transpulmonary pressures, are each known to contribute to
overall VILI (Beitler, Malhotra, & Thompson, 2016), but it may be the avoidance of
atelectrauma, which is caused from cyclic opening and closing of the lung, that is most effective
in VILI prevention (Cressoni et al., 2017). Some studies suggest that an open lung approach is
ideal because it prevents atlectrauma (Cressoni et al., 2017). Additionally, the management of

specific mean airway pressures (MAWP) is more protective than the traditional approach of



targeting conservative inspiratory volumes (Kacmarek, Villar, et al., 2016). However, there is no
consensus regarding how best to specifically apply pressure modes of PPV.

Airway Pressure Release Ventilation (APRV), in particular, is a mode of PPV that offers
an alternative to conventional ventilation strategies. Moreover, in several small-scale,
observational studies, PPV with APRV has been shown to improve overall oxygenation and
allow a shorter intensive care unit stay with fewer days on the ventilator (E. G. Daoud, H. L.
Farag, & R. L. Chatburn, 2012). Specifically, APRV mode allows for sustained inflation of the
lung over a more prolonged period than other pressure modes of PPV (E. G. Daoud et al., 2012),
resulting in less cyclic opening and closing of lung units (E. G. Daoud et al., 2012; Habashi,
2005; Protti et al., 2013). In this chapter, the investigator will highlight the need for further
study in this arena as well as certain proposed steps in which to accomplish the study.
Additionally, the investigator will outline individual entities relating to the study plan and the
execution thereof.

Background and Statement of the Problem

It has been estimated that nearly 3% of all hospitalized patients will receive invasive
mechanical ventilation, and the mortality rate is significant for this population due, in part, to the
development of VILI (A. S. Slutsky & Ranieri, 2014; Wunsch et al., 2010). There are multiple
factors that contribute to VILI, and neither open lung approach or conservative volume
ventilation strategies absolutely prevent the development of this detrimental condition. Of the
variety of PPV strategies that seek to minimize incidence of lung injury, it has been established
that protective ventilation, minimizing lung stretch by managing mean airway pressure, is

preferred over traditional volume targeted ventilation (Curley, Laffey, Zhang, & Slutsky, 2016).



Although temporary PPV is a common, potentially life-saving, modality, clinicians must
recognize that it is one that poses significant risks (A. s. Esteban et al., 2013; Klompas, 2013;
Arthur S. Slutsky & Ranieri, 2013). However, there is little published data on recommendations
of exactly how to implement specific ventilator modes. Moreover, there remains a gap in
knowledge of how to manage the continual application of certain modes of PPV. Pressure
targeted modes of mechanical ventilation, albeit part of a protective lung strategy (Rittayamai et
al., 2015), require the healthcare provider to maintain astute awareness of the dynamics of
pressure application during breath delivery.

Multiple studies have suggested that the cyclic recruitment and de-recruitment of lung
units, known as atelectrauma, are a primary cause of acute lung injury (ALI) with detrimental
outcomes (Chiumello et al., 2008; Cressoni et al., 2017; Serpa Neto et al., 2012; Arthur S.
Slutsky & Ranieri, 2013; "Ventilation with Lower Tidal Volumes as Compared with Traditional
Tidal Volumes for Acute Lung Injury and the Acute Respiratory Distress Syndrome," 2000).
However, almost no data exists as to the specific means in which to minimize this distinctive sort
of lung stress and strain. Both open lung approach and conservative tidal volume ventilation are
preferred in patients with Acute Respiratory Distress Syndrome (ARDS) (Kacmarek, Villar, et
al., 2016; "Ventilation with Lower Tidal Volumes as Compared with Traditional Tidal Volumes
for Acute Lung Injury and the Acute Respiratory Distress Syndrome," 2000); however, no
definitive ideal mode of PPV exists for all patients.

It has been suggested that judicious use of positive end-expiratory pressure (PEEP) and
inspiratory-to-expiratory ratios of 1:1 or greater, also considered inverse-ratio ventilation (IRV),
can be useful in minimizing lung damage during PPV attributed to prolonged inflation times and

de-recruitment prevention (Ehab G. Daoud, Hany L. Farag, & Robert L. Chatburn, 2012; Spieth



et al., 2015), and the APRV mode of PPV is one method to protectively ventilate a variety of
patient populations that may require IRV (Burchardi, 1996; Diaz et al., 2011; Francesca Facchin,
2015; Kollisch-Singule et al., 2014). There is no consensus, however, as to the specific means
by which IRV should be applied, since several studies that utilize animal or mathematical models
have been inconclusive (Daoud & Chatburn, 2014; Arthur S. Slutsky & Ranieri, 2013).
Relevance, Significance, and Study Purpose

In acute care, the respiratory therapist (RT) is charged with caring for and managing
patients that are placed on mechanical ventilation, also known as PPV. Among physicians and
RTs alike, there is varying opinion regarding the best means in which to artificially ventilate
patients, as there are many choices in mode, breath delivery, and various other parameters that
can be controlled by the operator of the PPV machine. Numerous studies address the nature of
PPV and overall clinical implications; however, few have identified specific strategies that
effectively allow patients to be mechanically ventilated, short-term, while protecting against
VILL

At the turn of the century, one paramount study ("Ventilation with Lower Tidal Volumes
as Compared with Traditional Tidal Volumes for Acute Lung Injury and the Acute Respiratory
Distress Syndrome," 2000) established that lower tidal volumes are preferred to higher tidal
volumes during PPV; however, end inspiratory pressure must also be considered to prevent VILI
(Protti et al., 2011). A substantial number of patients placed on PPV are ventilated using a type
of pressure-controlled mode, rendering volume to be a function of the particular pressure applied
and the overall pulmonary mechanics. Both volume and pressure modes of PPV offer
advantages individually; however, modes of PPV in which pressure is controlled has gained

favor as a means to employ a protective lung strategy (Rittayamai et al., 2015). The APRV



mode, specifically, offers a variety of options that will manipulate breath delivery while
absolutely controlling the application of pressure during the breath cycle, which is also
considered a mode of PPV recommended for patients with already developing or concomitant
lung injury (Burchardi, 1996; E. G. Daoud et al., 2012; J. B. Downs & Stock, 1987).

Mechanical ventilation via PPV has long been known to induce ALI and contribute to
overall morbidity and mortality in acute care patients (de Prost, Ricard, Saumon, & Dreyfuss,
2011). As ventilation strategies and modes of PPV have evolved, there has been little
improvement in overall incidence of ALI and associated mortality rates (Erickson, Martin,
Davis, Matthay, & Eisner, 2009; A. Esteban et al., 2013). The current fourth generation
mechanical ventilators allow for more autonomy in delivering positive pressure breaths.
However, this increased capability requires more decision-making when implementing a modern
mode of PPV. Because PPV poses significant risk, regardless of the mode (Rittayamai et al.,
2015), clinicians must remain perspicacious when seeking both to prevent and treat VILI as well
as ALIL

Although, microprocessor-controlled, later-model ventilators are more sensitive to patient
biofeedback, improperly implemented modes of PPV can have deleterious effects on the lung (de
Prost et al., 2011). Clinicians are able to apply and limit specific ventilation pressure and
maintain relative control of many aspects of the breath cycle (Kacmarek, 2011), yet there are
many variables to consider in order to ventilate safely a multiplicity of patient populations.

From the advent of PPV in the early 1900s to the current versions of microprocessor-
controlled machines with graphical user interface, mechanical ventilation has changed
dramatically (Kacmarek, 2011). With advancements in PPV breath delivery options, various

modes of mechanical ventilation have been introduced that allow clinicians more choices in how



the respiratory cycle can be manipulated (Tobin, 2001). More is also known regarding what
contributes to VILI. However, a significant portion of mechanically ventilated patients are still
developing VILI, occasionally described as ALI or vent-propagated Acute Respiratory Distress
Syndrome (ARDS) (Erickson et al., 2009). Unfortunately, there is disagreement concerning the
application of certain modes of PPV, and mortality attributed to mechanical ventilation remains
high (Erickson et al., 2009; A. Esteban et al., 2013).

As is it difficult to quantify actual lung stress and strain during PPV, the evaluation of
plateau pressure and tidal volumes are considered the surrogates for assessing this metric
(Chiumello et al., 2008), and a protective lung strategy remains the preferred approach to
minimize stress and strain (Rittayamai et al., 2015). In order to prevent VILI, tidal volumes must
be kept within an acceptable range, lower than 6 ml/kg of predicted body weight (Serpa Neto et
al., 2012; "Ventilation with Lower Tidal Volumes as Compared with Traditional Tidal Volumes
for Acute Lung Injury and the Acute Respiratory Distress Syndrome," 2000), and the
recommended plateau pressure should be maintained lower than 30 cmH20 (de Prost et al.,
2011).

A special type of pressure-targeting mode, APRV, promotes an open lung concept
(Lachmann, 1992) and is considered to be part of a protective lung strategy in the application of
PPV (E. G. Daoud et al., 2012; Tobin, 2001). Although APRYV permits the clinician to maintain
a consistent plateau pressure, there is no consensus, or established guideline, with respect to the
safest threshold for the absolute prevention of ALI (Rittayamai et al., 2015). It is also unknown
whether APRV mode employed with higher inspiratory times (I-times) and lower plateau
pressures results in better clinical outcomes when compared to APRV mode employed with

shorter I-times and higher plateau pressures.



This study investigated association between various settings in the APRV mode and short
term clinical outcomes of interest. Because there is a general lack of data as to what specific I-
times and sustained pressures allow for maximal oxygenation and best short term outcomes, this
study sought to distinguish whether there is a superior way in which to implement and manage
the APRV mode of PPV. If specific settings are associated with better clinical outcomes,
clinicians should be able to initiate more purposefully the APRV mode for patients prior to the
development of VILI. Likewise, as the study revealed certain predictors of clinical outcomes,
the findings will hopefully stimulate further study into this area, allowing for more standard
initial PPV setting recommendations for patients that will receive APRV or for those patients
who have already developed ALI or ARDS.
Elements

Hypotheses

Overall, in APRV mode, the use of a longer I-time results in ideal mean airway pressure,
less pulmonary stress and strain due to less cyclic opening and closing of the lung, and,
therefore, overall better clinical outcomes as evidenced by better PaO2/FiO2 ratio, Oxygenation
Index (OI), Oxygen Saturation Index (OSI), and Modified Sequential Organ Failure Assessment
(MSOFA) scores when compared to the use of shorter I-times in a similar patient population.

Ho: There is no relationship between the length of I-time and short-term clinical outcomes, such
as PaO2/Fi02 ratio, OI, OSI, and MSOFA scores.
H;: If there is a relationship between the length of I-time and short-term clinical outcomes,
patients ventilated with longer I-times will demonstrate better short-term clinical
outcomes, as evidenced by better P/F ratio, OI, OSI, and MSOFA scores, than patients

ventilated with shorter I-times because of the application of ideal mean airway



pressures.
Theories

The theoretical framework that guided this research is founded in the evidence-based
medicine model of best clinical practice ("Evidence-based Medicine. A new Approach to
Teaching the Practice of Medicine," 1992). Moreover, the investigator sought to integrate the
theory of evidence-based medicine into bedside clinical practice (K. Walshe & T. G. Rundall,
2001) through the adoption of the presupposition that if an intervention or therapy is shown to
improve the overall course of care of a large group of similar patients, then that particular
intervention or therapy should be considered as best practice in a similar patient population,
provided that no other published data suggests the antithesis. Walshe and Rundall (2001)
highlighted the fact that there exists relatively unexplained, eclectic variations in clinical
practice patterns, and, for decades, evidence has been produced that emphasizes this gap
between research and clinical practice. This study sought to allow a translation of research into
bedside clinical practice.

In a review by Tabak et al. (Tabak, Khoong, Chambers, & Brownson, 2012), 61
different models of current theories and frameworks were evaluated for specific modalities of
dissemination and implementation of research into practice. Unfortunately, available measures
to confirm implementation of any research is generally lacking given the broad spectrum of a
particular application in various settings. Additionally, the general small sample size of
numerous studies may hamper the overall development, evaluation, and use of standard
measures (Tabak et al., 2012).

Upon study conclusion, the investigator adopted an analogous model for disseminating

and implementing the study results as originally proposed by Funk, Tornquist, and Champagne



(Funk, Tornquist, & Champagne, 1989). Furthermore, as most dissemination practices lack
consistency and broad impact, it would be important to mimic an already established model
type of persuasive communication, or diffusion, of innovation as cited in a review by Wilson et
al. (Wilson, Petticrew, Calnan, & Nazareth, 2010).
Research Question

Do patients ventilated with longer I-times, in APRV mode, have better short-term clinical
outcomes compared to patients ventilated in the same mode with shorter I-times? These so-
called short-term clinical outcomes will encompass a variety of metrics to include P/F ratio, OI,
OSI, and MSOFA score (Dechert, Park, & Bartlett, 2014; Ferreira, Bota, Bross, Melot, &
Vincent, 2001; Grissom et al., 2010; Rawat et al., 2015; Vincent et al., 1996). The investigation
of long-term clinical outcomes is of interest; however, it was not investigated during this study
since a retrospective analysis of archived EHR data does not allow for long-term follow-up or
confirmation of post hospital stay mortality.

Definition of Terms

Conceptual

All of the following definitions have been extracted from Egan’s Fundamentals of
Respiratory Care (Kacmarek, Stoller, & Heuer, 2016) and may be further defined in the

following “Operational” section.

Airway-Pressure Release Ventilation (APRV) — form of pressure ventilation that uses two levels
of continuous positive airway pressure in an intermittent mandatory ventilation breathing pattern
Barotrauma — physical injury sustained as a result of exposure to ambient pressures above
normal, most commonly secondary to positive pressure ventilation (e.g. pneumothorax and

pneumomediastinum)



Positive End-Expiratory Pressure (PEEP) — application and maintenance of pressure above

atmospheric at the airway throughout the expiratory phase of positive pressure mechanical
ventilation

Ventilator-induced lung injury (VILI) — lung injury which occurs as a result of excessive

pressure and/or volume during mechanical ventilation

Volutrauma — alveolar overdistention and damage caused by ventilation with high peak inflation
pressures

Operational

Airway-Pressure Release Ventilation (APRV) — a specific mode of PPV, originally described by

in 1987 (J. B. Downs & Stock, 1987) as a type of continuous positive airway pressure (aka
CPAP) in which unusually long I-times are utilized at higher held pressure levels
Barotrauma — lung injury caused by the delivery of excess pressure during PPV

Inverse Ratio Ventilation (IRV) — inspiratory times during PPV that exceed expiratory times,

typically in order to increase mean airway pressure at lower peak distending pressures

Positive End-Expiratory Pressure (PEEP) — above ambient pressure applied to the lung that

persists during a resting state, at end exhalation during PPV

Positive Pressure Mechanical Ventilation (PPV) — above ambient pressure applied to the

airway/lungs during artificial mechanical respirator use

Ventilator-induced lung injury (VILI) — lung damage, typically qualified by the presence of

pulmonary edema on chest x-ray or clinical presentation that develops during and as a
consequence of PPV

Volutrauma — lung injury caused by the delivery of excess volume during PPV
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Description of Variables

Dependent

This study included dependent variables indicative of certain short-term clinical
outcomes after being placed on mechanical ventilation in the APRV mode for at least 8-24 hours.
These dependent variables were comprised of changes in the following variables between the
time of APRV implementation and at least 8-24 hours thereafter: P/F ratio, OI, OSI, and MSOFA
score (Dechert et al., 2014; Ferreira et al., 2001; Grissom et al., 2010; Rawat et al., 2015;
Vincent et al., 1996).
Independent

This study included many independent variables as a function of each patient’s already
executed course of care. These variables included:
1) patient demographics such as: age, sex, race, height, weight, and diagnosis
2) specific unit of care
3) time from intubation to initiation of APRV
4) total continuous duration on APRV

5) variables immediately prior to being placed on APRV such as:

inhaled fractional concentration of oxygen (FiO2)
e mean airway pressure (MAWP)
e arterial partial pressure of oxygen (PaO2)
e oxygen saturation (SaO2 or SpO2)
e pre-APRYV ventilator mode
6) APRYV initial settings such as:

e time high (T high)
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e pressure high (P high)
e time low (T low)
e pressure low (P low)
e pressure support (PS)
e APRYV average tidal volume (Vt)
e PSaverage Vt
7) conditions at initiation of APRV such as:
e Glasgow coma scale (GCS)
e bilirubin
e mean arterial pressure (MAP)
e creatinine (Cr)

8) APRYV settings after at least 8 hours to include:

time high (T high)

e pressure high (P high)

e time low (T low)

e pressure low (P low)

e pressure support (PS)

e APRYV average tidal volume (Vt)

e PSaverage Vt
Covariates

Several covariates should be considered in a retrospective study of this type to include:

comorbid conditions and/or differential diagnoses that may alter the course of care outside of the

original respiratory failure as well as the following: 1) time delay to APRV, 2) individual settings
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on APRYV, 3) primary and secondary diagnoses, 4) unit of management (SICU, MICU,
NeuroICU, Other), and 5) total continuous duration on APRV. The presence and progression of
organ failure as it relates separately to metrics such as the MSOFA score (Ferreira et al., 2001;
Grissom et al., 2010; Vincent et al., 1996) as well as the model of ventilator used are also
considered covariates.
Rationale

Downs and Stock introduced a newer mode of PPV, APRV, to the healthcare market
circa 1987. The original study was small (N = 10) and utilized animal models (dogs), comparing
APRYV with one other traditional mode of PPV. As a novel approach to applying Continuous
Positive Airway Pressure (CPAP), the findings suggested that APRV was a viable mode to treat
ALLI because arterial oxygenation improved and peak airway pressures were maintained at a
lower level than a more traditional mode (J. B. Downs & Stock, 1987). The next year, the same
group conducted the first human trial of APRV with similar findings; patients with ALI were
successfully ventilated at lower peak airway pressures when compared to traditional PPV
(Garner, Downs, Stock, & Rasanen, 1988). A patent was issued to Dr. Downs the same year for
his invention of the new PPV mode (J.B. Downs, 1988).

After two landmark studies were published (J. B. Downs & Stock, 1987; Garner et al.,
1988), multiple variable studies were conducted to evaluate the efficacy of APRV. Eventually,
APRYV was established as a means for implementing a protective lung strategy for the non-
injured lung as well as a recommended early treatment for ALI or ARDS (Habashi, 2005;
Varpula et al., 2004). There are no studies, however, that have evaluated specific I-times and the

relationship between the resulting MAWP and short-term clinical outcomes.
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Assumptions

Certain assumptions were made in order to proceed with this study, resulting in study
validity and continuing relevance as well as application to bedside care. To begin, as this study
employed a retrospective analysis of archived EHRs, the investigator assumed the information
technology (IT) department extraction team had adequately surveyed the entire UH EHR in order
to acquire the particular purposive sample that met inclusion criteria. Although seemingly a
limitation, the investigator further assumed that the archived EHR data was entered into the
medical record in its original form by each clinician and/or healthcare provider in an accurate
manner for each individual patient, yielding the data as such. The data extracted was raw data
and treated as such.

In broader terms, various pragmatic assumptions were considered. As PPV has been
utilized for many years (Kacmarek, 2011), one would assume that this means of artificial
ventilation will continue. Additionally, after almost three decades, the APRV mode persists and
is currently being used in the local Shreveport/Bossier City, Louisiana area with success.
Nevertheless, APRV mode use is not prevalent across the US and is mainly used as a rescue
mode only (E. G. Daoud et al., 2012). There is an assumption that if evidence-based data were
presented to suggest that the APRV mode could be utilized in a certain manner to influence
positive clinical outcomes, more institutions would adopt this mode of PPV as an adjunct to
standard of care (K. Walshe & T. Rundall, 2001).

Summary

In summary, the investigator sought to identify certain clinical implications of longer I-

times compared to shorter I[-times in APRV mode, examining specific metrics considered

surrogates for clinical outcomes as previously described. This retrospective study was conducted
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via a partnership between Louisiana State University Health Sciences Center in Shreveport
(LSUHSC-S) and University Health (UH) Hospital and may offer clinicians practical insight as
to the best means in which to mechanically ventilate ventilate patients in a mode such as APRV,
providing additional awareness to the specific application of PPV in order to assist patients who

have already developed VILI.
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Chapter 2: Review of the Literature
Introduction to Chapter 2

The implementation and management of mechanical ventilation are complex processes
with no current standard across the medical disciplines. Although much data exists on its use, a
majority of studies only describe PPV as implemented within the categorical application of the
generically controlling either volume or pressure (Rittayamai et al., 2015; A. S. Slutsky &
Ranieri, 2014; Tobin, 2001). Since current, fourth generation mechanical ventilators offer
numerous modes, it is imperative that the clinician managing PPV be aware of the potential
deleterious effects specific modes can have, whether used in the short-term or over longer
periods. It has been proposed that future mechanical ventilators will offer decision support
(Kacmarek, 2011), but, currently, the physician and RT are the primary decision makers in the
application and management of PPV. A review of the literature reveals a convoluted plethora of
animal studies, various recommendations, and overall disagreement related to the use of PPV.

From the advent of PPV in the early 1900s to the current versions of microprocessor-
controlled machines with graphical user interface, mechanical ventilation has changed
dramatically (Kacmarek, 2011). Using advancements in PPV breath delivery options, various
modes of mechanical ventilation have been introduced that allow clinicians more choices in how
the respiratory cycle can be manipulated (Tobin, 2001). More is also known as to what
contributes to VILI. However, a significant portion of mechanically ventilated patients are still
developing VILI, occasionally described as ALI or vent-propagated ARDS (Erickson et al.,
2009), and agreement is lacking in how certain modes of PPV should be applied. Furthermore,
mortality attributed to mechanical ventilation remains high (Erickson et al., 2009; A. Esteban et

al., 2013).
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As is it difficult to quantify actual lung stress and strain during PPV, the evaluation of
plateau pressure and tidal volumes is considered the generic surrogates for assessing this metric
(Chiumello et al., 2008), and a protective lung strategy remains the preferred approach to
implementation and execution of PPV (Rittayamai et al., 2015). In order to prevent VILI, tidal
volumes must be kept within an acceptable range, lower than 6 ml/kg of predicted body weight
(Serpa Neto et al., 2012; "Ventilation with Lower Tidal Volumes as Compared with Traditional
Tidal Volumes for Acute Lung Injury and the Acute Respiratory Distress Syndrome," 2000) with
a recommended plateau pressure maintained lower than 30 cmH20O (de Prost et al., 2011).
Several traditional volume-targeting modes of mechanical ventilation permit the controlled
application of flow to deliver a, so-called, safe volume, while other traditional pressure-targeting
modes utilize the application of pressure to achieve variable volumes with consistent plateau
pressures (Rittayamai et al., 2015).

A special type of pressure-targeting mode, APRV, promotes an open lung concept
(Lachmann, 1992) and is considered a part of a protective lung strategy of PPV (E. G. Daoud et
al., 2012; Tobin, 2001). Although APRYV permits the clinician to manage a consistent plateau
pressure, there is no consensus, or established guideline, as to the safest threshold in the absolute
prevention of ALI (Rittayamai et al., 2015). It is also unknown whether APRV mode employed
with higher I-times and lower plateau pressures has better clinical outcomes than if utilized with

shorter I-times and higher plateau pressures.
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Historical Overview

Mechanical Ventilation

Mechanical ventilation, in its modern form, has been a mainstay of healthcare since the
early 1900s and has developed into the fourth generation of microprocessor-controlled machines
in common use today (Kacmarek, 2011; A. S. Slutsky, 2015). Some might contest that the first
account of artificial respiration is found in the antiquity of the Holy Bible’s 2 Kings 4:34, in
which it is noted, “Then he [Elisha] went up and lay on the child, putting his mouth upon his
mouth... the flesh of the child became warm” (New Living Translation). Historically, artificial
respiration by means of PPV can be traced back in the scientific literature to Vesalis’ 1543 De
Humani Corporis Fabrica treatise on anatomy in which he recorded:

But that life may be restored to the animal, an opening must be attempted in the trunk of

the trachea, into which a tube of reed or cane should be put; you will then blow into this,

so that the lung may rise again and take air. (Singer, 1943)
Robert Hook further expanded the knowledge of PPV through his canine experiments in which
he explains, in detail, the use of PPV via bellows for successful resuscitation (Hook, 1666).

During the 1700s, several paramount physiologic discoveries, including that of oxygen
and its use in respiration, temporarily altered the view of mouth-to-mouth resuscitation
modalities (A. S. Slutsky, 2015), but a century later saw the advent of the precursor to our most
common form of PPV. Circa 1864, Alfred Jones invented one of the first negative pressure
ventilators (Jones, 1864), which would become the template for the “iron lung” that was
originally introduced by Alfred Willez in 1876, also known as the “spirophore” (Emerson &
Loynes, 1978). In 1929, Drinker and Shaw developed the first widely used iron lung, originally

purposed to treat patients with polio (Drinker & Shaw).
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As of the 1940s, negative pressure ventilation was mainstream, but this would soon
change when the polio resurgence reached its peak during the 1950s. Famously, Bjorn Ibsen is
credited with leading the charge to convert patients from negative pressure ventilation to PPV.
Incidentally, this led to the formation of intensive care units, resembling what is known today
(Anaethesia and the Practice of Medicine: Historical Perspectives, 2007).

Mechanical ventilation during the polio epidemic of the mid-twentieth century still
employed negative pressure, but this was soon replaced with PPV as a mainstay of care.
Currently, almost all critically-ill patients requiring respiratory support will be placed on some
form of PPV. Of the multiplicity of various mechanical ventilators and modes of PPV, there
remains little consistency in how PPV is applied and almost no consensus in how to manage this
life-saving, yet anti-physiologic, intervention.

VILI

It has long been known that artificial respiration, especially via PPV, can cause injury. In
1744, it was first described that mouth-to-mouth was preferred above the use of bellows as
Fothergill noted, “the lungs of one man may bear, without injury, as great a force as those of
another man can exert; which by the bellows cannot always be determined” (Fothergill, 1744).
During the polio epidemic, investigators recognized that PPV could induce damage to lung
structure (Avignon, Hedenstrom, & Hedman, 1956). The term “respirator lung” was eventually
coined in 1967 to describe the development of “heavy lungs” that resulted from certain post
mortem pathological findings in patients that had undergone PPV ("Respirator Lung Syndrome,"
1967). It is now better understood that PPV is not only deleterious to the lung but can also result
in widespread harm to other organ systems as a result of PPV-induced inflammation (Plotz,

Slutsky, van Vught, & Heijnen, 2004).
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A paradigm shift began shortly after the work by Ashbaugh et al. in 1967 when the term
ARDS was first described as a type of sudden manifestation of lung injury as a result of
indiscriminate stimuli (Ashbaugh, Bigelow, Petty, & Levine, 1967). Arguably, Mead et al. are
credited with the early conceptualization of VILI through the use of theoretical models in an
attempt to assess elastic mechanical properties of the lung. The authors concluded that
“mechanical ventilation, by applying high transpulmonary pressures to heterogeneously
expanded lungs, could contribute to the development of lung hemorrhage and hyaline
membranes” (Mead, Takishima, & Leith, 1970, p. 602). A more formal concept of, so-called,
VILI has eventually been accepted but only well after the work of both Ashbaugh and Mead et
al. introduced the notion that PPV could be of detriment under certain conditions.

Irrespective of the particular terminology used in the past, mechanical ventilation via
PPV has long been known to cause ALI and contribute to overall morbidity and mortality in
acute care patients (de Prost et al., 2011). The application of excessive transpulmonary pressure
as well as the delivery of above physiologic tidal volumes individually have been shown to cause
VILI in animal models (Dreyfuss & Saumon, 1998). Ventilator-associated lung injury might be
a more appropriate term as it is virtually impossible to prove the ventilator as a single cause of
ALI ("International Consensus Conferences in Intensive Care Medicine: Ventilator-associated
Lung Injury in ARDS. This official conference report was cosponsored by the American
Thoracic Society, The European Society of Intensive Care Medicine, and The Societe de
Reanimation de Langue Francaise, and was approved by the ATS Board of Directors, July
1999," 1999); however, VILI remains the most common term used to describe ALI that develops
during mechanical ventilation. Although VILI is indistinguishable from other forms of lung

injury, it is still widely accepted that mechanical ventilation has the potential to worsen acute
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lung disease (Curley et al., 2016; Parker, Hernandez, & Peevy, 1993). Specific VILI cannot
absolutely be proven, but a recent review by Curley et al. reiterated the ever-growing body of
knowledge surrounding the evidence that PPV causes injury and eludes a cellular response
(Curley et al., 2016).

As ventilation strategies and modes of PPV have evolved, there has been little
improvement in overall incidence of ALI and mortality rates (Erickson et al., 2009; A. Esteban et
al., 2013). The current fourth generation mechanical ventilators allow for more autonomy in
delivering positive pressure breaths, but this increased capability requires more decision-making
when implementing a modern mode of PPV. PPV poses significant risk, regardless of the mode
(Rittayamai et al., 2015), and clinicians must remain astute when seeking not only to prevent but
also to treat VILI and ALIL

Although microprocessor-controlled, later-model ventilators are more sensitive to a
patient’s biofeedback, improperly implemented modes of PPV can have deleterious effects in the
lung (de Prost et al., 2011). Clinicians are able to apply and limit specific ventilation pressure
and maintain relative control of many aspects of the breath cycle (Kacmarek, 2011), yet there are
numerous variables to consider in order to ventilate safely an array of patient populations. In
summary, VILI is a consequence of several mechanisms that include: 1) barotrauma, resulting
from excessive pressures; 2) volutrauma, resulting from excessive volumes; 3) atelectrauma,
from cyclic closing and reopening of alveolar units; and 4) biotrauma, resulting from the
cytokine/inflammatory mediator release as a result of PPV (Dreyfuss & Saumon, 1998).

APRV
Downs and Stock introduced a newer mode of PPV, known as APRV, to the healthcare

market circa 1987. Their original study was small (N = 10) and utilized animal models (dogs),
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comparing APRV with one other traditional mode of PPV. As a novel approach to applying
CPAP, the findings suggested that APRV was a viable mode to treat ALI because arterial
oxygenation improved, and peak airway pressures were maintained at a lower state than the
traditional mode (J. B. Downs & Stock, 1987). The next year, the same group conducted the first
human trial of APRV with similar findings in that patients with ALI were able to be successfully
ventilated at lower peak airway pressures compared to traditional PPV (Garner et al., 1988).
Subsequently, a patent was issued to Dr. Downs the same year for his invention of the new PPV
mode (J.B. Downs, 1988).

After two landmark studies (J. B. Downs & Stock, 1987; Garner et al., 1988) were
published, scores of variable types of studies were conducted to evaluate the efficacy of APRV.
Eventually, APRV was established as a means for implementing a protective lung strategy for
the non-injured lung as well as a recommended early treatment for ALI or ARDS (Habashi,
2005; Varpula et al., 2004). More recently, it has been suggested that early implementation of
APRYV prevents VILI in the normal lung (Emr et al., 2013; F. Facchin & Fan, 2015). Overall,
however, there remains a lack of specific recommendation on how best to apply this protective
ventilation strategy (Jain et al., 2016).

It is well established that the APRV mode of PPV allows opportunity to mechanically
ventilate patients, utilizing a protective lung strategy as the mode allows for sustained inflation
of the lung over a more prolonged period than does traditional IRV (E. G. Daoud et al., 2012),
resulting in less cyclic opening and closing of lung units (E. G. Daoud et al., 2012; Habashi,
2005; Jain et al., 2016; Protti et al., 2013). In addition to being a pressure-targeting breath
delivery mode, APRV allows one to set extended I-times for application of IRV (Habashi, 2005).

Unlike traditional IRV, APRYV is pressure-targeted breath delivery with sustained pressures for
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prolonged I-times that allow for maximal recruitment of lung units, avoiding atelectrauma.
Furthermore, the patient is allowed to breath spontaneously at maximal inflation pressure, so
ventilator asynchrony is less of an issue than during traditional IRV (E. G. Daoud et al., 2012).

The APRV mode offers opportunity not only to prevent VILI but also to treat ALI and
ARDS. This IRV pressure-targeted mode is a form of CPAP applied beyond the traditional
timeframe in which patients are usually in control of their preferred I-time. Under spontaneous
conditions, the time taken to inspire is almost identical to the time taken to expire. Similarly,
during PPV in traditional CPAP mode, patients choose their own I-time, rarely exceeding the
time of expiration. Katz and Marks established that CPAP, compared to spontaneous conditions
while intubated, allowed for a decrease in a patient’s work of breathing (WOB) (Katz & Marks,
1985). The understanding of the benefits of CPAP has changed over the years, and APRV mode
has gained recognition as a more effective PPV mode in the allowance of spontaneous breathing
(E. G. Daoud et al., 2012; Varpula et al., 2004).

When APRYV was originally introduced into healthcare, it was touted as a mode of PPV
that mimicked CPAP; however, unlike CPAP, APRV allows for continuous pressure application
for a prolonged time period while conserving the patient’s ability to trigger spontaneous efforts.
The major difference between traditional CPAP and APRYV lies in the fact that, in APRV,
pressure is applied similar to IRV pressure-targeted modes, but only APRV allows patients to
continue breathing spontaneously at a sustained inflation pressure. A short release time allows
for ventilation to be accomplished regardless of a patient’s spontaneous efforts (J. B. Downs &

Stock, 1987).
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Relevant Theory
Stress and Strain

It has been established that a conglomeration of events leads to the development of VILI
(Curley et al., 2016). Of these events, none can be identified as an individual causative factor. It
is, however, the process of cyclic opening and closing and the over distention of alveolar units
that lead to excessive stress and strain in the lung and contributes to the overall development of
VILI (Chiumello et al., 2008; Protti et al., 2013; A. S. Slutsky & Ranieri, 2014). In humans, it is
difficult to quantify stress and strain; however, several parameters have been suggested as being
analogous to such.

A paramount study published in the New England Journal of Medicine, in 2000,
confirmed that in patients with ALI, ventilation with smaller tidal volumes (6 ml/kg) results in
better clinical outcomes when compared to ventilation with traditional tidal volumes (12 ml/kg).
This trial, executed by the “ARDSnet” group, additionally found that extra pulmonary organ
failure and mortality were decreased in the lower tidal volume group ("Ventilation with Lower
Tidal Volumes as Compared with Traditional Tidal Volumes for Acute Lung Injury and the
Acute Respiratory Distress Syndrome," 2000). In 2007, a study by Terragni et al. suggested that
implementation of lower tidal volumes (6 ml/kg) may not be sufficient to protect from lung
injury. The group concluded that simply limiting tidal volume, even at plateau pressures < 30
cmH20, may not be sufficient protection for certain patients with large areas of non-aerated lung
(Terragni et al., 2007). Other studies have explored the concept of using even lower tidal
volumes (< 6 ml/kg), indicating that volume-targeted ventilation with tidal volumes lower than 6
ml/kg might enhance lung protection, ultimately preventing VILI (Bein et al., 2013; Terragni et

al., 2009).
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Under a majority of circumstances, pressure-targeted modes of PPV are preferred to
volume-targeted modes for lung protection (Rittayamai et al., 2015). And, although lower tidal
volume ventilation compared to conventional tidal ventilation is associated with better clinical
outcomes (Neto et al., 2015; Serpa Neto et al., 2012), pressure-targeted ventilation is more
protective against VILI. Needem et al. evaluated the use of volume-limited ventilation as
compared to the use of pressure-limited ventilation in a large prospective cohort, noting that lung
protective ventilation via pressure-limited modes was associated with a substantial long-term
survival benefit in patients with ALI (Needham et al., 2012). In patients with ARDS, Amato et
al. suggested that driving pressure (AP), comparing tidal volume to respiratory-system
compliance, may be a more sensitive indicator of risk as opposed to individual tidal volume or
plateau pressure (Amato et al., 2015). In 2016, the “LUNG SAFE” study by Laffey, et al.
concluded that both lower plateau and lower driving pressures are associated with improved
survival in ARDS (Laffey et al., 2016). The overwhelming concept remains that “VILI
originates from the interaction between the mechanical power transferred to the ventilable lung
parenchyma and the anatomo-pathological characteristics of the latter” (Gattinoni et al., 2016, p.
1574).

Time Constants

In 1955, a well-known joint study between the John Hopkins University School of
Medicine and Harvard Department of Physiology explored the concept of varying individual
lung unit compliance, finding this variance is attributed to both volume-elastic and flow-resistive
properties (Otis et al., 1956). The group’s findings led to the concept of what would eventually
be understood as the pulmonary time constant. As a product of both lung compliance and overall

system resistance, a time constant is the time required to passively inflate and deflate each lung
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unit. Ideally, under normal conditions, 95% of alveoli will be inflated within three time
constants (0.25 seconds). However, with lung disease, irrespective of cause, either or both lung
compliance and airways resistance is often distorted so that filling time for each individual unit
can be extremely variable (Kacmarek, Stoller, et al., 2016).

In certain cases, longer I-times may be required to satisfy one time constant. If I-time is
inadequate, filling volume remains insufficient, and alveolar ventilation is decreased.
Furthermore, inadequate filling contributes to the development of widespread atelectasis,
contributing to more stress and strain in the lung leading to VILI (A. S. Slutsky & Ranieri,
2014). The use of longer I-times, beyond customary initial setting for traditional modes of PPV,
may assure that atelectrauma from under inflation during inspiration is avoided altogether.
Current Recommendations of APRYV Use

To date, studies comparing APRV to conventional PPV have yet to demonstrate any
significant difference in mortality outcomes (Gonzalez et al., 2010; Maxwell et al., 2010;
Varpula et al., 2004). Even though the oxygenation benefit of APRV use has been well
established (E. G. Daoud et al., 2012), there remains an overall lack of consensus concerning
when to implement this mode of PPV. The additional challenge remains as to how one should
manage this non-conventional mode, given the current lack of recommendations.

Two of the more common published management strategies of APRV simply include
generic recommendations for setting the four primary variables of: 1) lung inflation pressure (P
high), 2) lung inflation time (T high), 3) lung deflation pressure (P low), and 4) lung deflation
time (T low). The recommendations of both Habashi and Modrykamien et al. suggest that it is
best to target I-times of at least 4 seconds with a strategy of matching pre-APRV, conventional

ventilator plateau pressure as a starting point for P high. Both published strategies suggested
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setting T low to target inducement of auto PEEP with an initial P low setting of 0 cmH20
(Habashi, 2005; Modrykamien, Chatburn, & Ashton, 2011). To date, there is still no single
APRYV recommendation widely accepted in respiratory care. Furthermore, over the last 30 years
of APRYV use, studies have rarely evaluated similar settings in order to assess the efficacy of a
single APRYV strategy (Jain et al., 2016).

Summary of Literature

There is little published data on how exactly to implement and apply certain ventilator
modes. Specifically, there seems to be an overall knowledge gap in how best to manage newer
modes of PPV after their implementation. Both the physician and RT remain the primary
decision-makers in the process of both initiating and managing PPV. After the initial decision of
choosing the proper mode, the clinician must decide how best to manipulate and maintain PPV in
a dynamic environment, and few published recommendations exist outside of generic
suggestions.

Lung protective strategies during PPV have been associated with a substantial long term
survival benefit for patients with ALI (Needham et al., 2012), and APRV offers a means to
achieve high-level lung protection (Jain et al., 2016). Although no specific recommendations
have necessarily been widely adopted, APRV is a mode well-known to offer a means to achieve
better oxygenation and produce less stress and strain on lung tissue (E. G. Daoud et al., 2012;
Emr et al., 2013; F. Facchin & Fan, 2015). Two of the more commonly recommended published
strategies (Habashi, 2005; Modrykamien et al., 2011) are based on animal studies and theoretical
considerations and do not address whether a specific I-time is preferred to another. More studies

are indicated to identify the best means in which to apply the APRV mode. It remains unknown
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whether it is best to target higher I-times with lower plateau pressures or whether shorter I-times

with higher plateau pressures would be more favorable to the prevention and treatment of ALI.
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Chapter 3: Methodology
Introduction to Chapter 3
There are many modes of PPV, and each allows various options of implementation and

management (Metnitz et al., 2009). Of the choices in PPV modes, pressure-targeted modes have
been shown to be more lung protective compared to volume-targeted modes (de Prost et al.,
2011; Lachmann, 1992; Rittayamai et al., 2015), and further developments in ventilator
technology have contributed to favoring IRV as a preferred technique to achieve lung protection,
while enhancing oxygenation (Burchardi, 1996; Lachmann, 1992; Protti et al., 2013). APRV
mode, also known as Bivent® or BiLevel®, (Chopra, Vardhan, & Chopra, 2014) allows the
employment of a protective lung strategy similar to typical pressure-targeted IRV. However,
APRYV mode allows for sustained inflation of the lung over a more prolonged period than does
traditional IRV (E. G. Daoud et al., 2012), resulting in less cyclic opening and closing of lung
units (E. G. Daoud et al., 2012; Habashi, 2005; Protti et al., 2013).

No definitive data exists concerning how APRYV should be applied in order to prevent
VILI compared to applying APRV to treat ALIL. This quantitative study evaluated subjects in the
intensive care environment of an academic medical center who were placed on PPV via APRV.
The retrospective analysis sought to compare subjects’ responses to longer I-time versus shorter
I-time settings and to identify which setting for I-time resulted in better clinical outcomes as
indicated by P/F ratio, OI, OSI, and MSOFA scores. This chapter will provide a summary of the
research design and methodology, rationale, threats, strengths and weaknesses of design,
subjects’ discussion, reliability and validity, overall resources required, data collection and

analysis procedures, as well as the limitations and delimitations of the study.
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Pilot Study

A pilot study was completed during the NSU Winter Term in 2016 as part of the
requirement in the HSP 9007: Research Practicum course. The pilot was of similar format to this
larger, more detailed dissertation study but provided only limited data. However, with N = 20,
the pilot provided insight into the induction of longer I-times with the application of lower
MAWP during PPV. The findings suggested that, in APRV, ventilation with longer I-times at
lower MAWP tended to result in better short-term clinical outcomes as evidenced by
better/lower OI and OSIL.

Although the pilot study did not render statistically significant results, it could be
appreciated that longer I-times resulted in better OI and OSI, in general. Additionally, the pilot
provided an experience in order to allow corrections for future studies along the same topic. In
conclusion, the pilot study showed promise in revealing that there may be a correlation between
how APRYV is implemented and managed, and it may show the effect on certain short-term
clinical outcomes.

The pilot revealed there is opportunity for more studies related to the topic as well as a
need to study other modes of PPV. The lower OI and OSI after implementing APRV with longer
I-times may indicate that a longer I-time approach is more desirable and a safer means in which
to utilize the APRV mode, overall. There is an expectation that clinicians would be offered great
insight into how best to approach the implementation and management of APRV as the topic is
studied further. Also, the pilot, as well as this dissertation study, could culminate into a template
for other studies of any of the various modes of PPV commonly used in modern-day clinical

practice.
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Research Design and Methodology
This quantitative study evaluated adult subjects in an intensive care environment who

were placed on the APRV mode of PPV at a large academic medical center between October 1

2

2013 and October 1, 2016. The investigator performed a retrospective analysis of archived EHR

data in order to evaluate subjects’ responses to various I-times quantified and described per
short-term clinical outcomes among the diagnostic tests evaluated. Each patient’s settings on
APRYV and coinciding parameters as well as concomitant clinical diagnostic values included in
the prior independent variables list (Ch. 1) were acquired in alignment with the specific

timeframe in which APRV was employed. The subjects’ ventilator settings as well as other

ventilator parameters and diagnostic values were evaluated. As the main independent variable,

the I-time category (“short” or “long”), was determined based upon a yield from the stepwise
regression analysis related to the T-high setting as a predictor.

The harvesting of archived EHR data allowed specific insight into a patient’s course of
care, and clinical outcomes centered on the patient being mechanically ventilated in APRV
mode. Once subject information was compiled and all raw data accounted for, demographics
were appraised for central tendency, and I-time was evaluated for normal frequency distributio
As the main outcomes of interest, the pre-APRV dosing and post-APRV dosing P/F ratio, OI,

OSI, and MSOFA scores were also calculated for each patient, representative of validated

n.

predictors of clinical outcomes (Dechert et al., 2014; Ferreira et al., 2001; Grissom et al., 2010;

Rawat et al., 2015; Vincent et al., 1996).
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Rationale

The theoretical framework that guided this research is founded in the evidence-based
medicine model of best clinical practice ("Evidence-based Medicine. A new Approach to
Teaching the Practice of Medicine," 1992). A recent survey in Respiratory Care confirmed there
is limited consensus among practitioners in implementing and managing APRV (Miller, Gentile,
Davies, & MaclIntyre, 2017), and this study sought to establish the ideal means of implementing
the APRV mode of PPV.

Study Setting

This study was conducted at an academic medical center in the Southern US. Primarily,
all raw data extraction was performed electronically on the medical center campus, but a
majority of data analysis occurred campus wide and off site. Some of the secondary data
extraction was performed off-campus but only within the confines of the prior-approved IRB
protocol. All study procedures were performed electronically, utilizing the investigator’s
personal, secured laptop computer with no direct or indirect investigator/subject interaction.
This retrospective analysis was an extraction of archival data within a large EHR database.

Subjects

Sample size

Although a conservative target was 100 total subjects with a minimal expectation of 60
based upon the fact that 20 were extracted as part of the pilot study, the purposive sample yielded
68 total subjects, overall. All subjects that met inclusion criteria were to be extracted from the
UH database from within the dates specified (3-year timeframe) and included as part of the
sample population for this study. One barrier to identifying all eligible subjects was that the

investigator depended upon the UH information office to do the comprehensive search and was
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only given access to subjects that were identified initially. A power analysis was not performed
as all subjects meeting inclusion criteria were included, and the study population was a function
of the original UH report rendering.

Inclusion and Exclusion Criteria

All subjects, 18 years or older, for which APRV PPV was ordered were considered as
having met inclusion criteria during the initial Information Office search of the archived EHR.
Thereafter, only subjects identified as having received APRV for a minimum of approximately 8
hours consecutively were included. Preferably, subjects had undergone APRV PPV for at least
12-24 hours consecutively; however, due to low sample size, subjects receiving APRV for at
least 8 hours consecutively were included to prevent a loss of power during the analysis. Only
adult subjects at the academic medical center with documented APRV PPV between October 1,
2013 and October 1, 2016 were included in the study.

Only subjects not receiving APRYV for at least 8 hours were excluded initially. There
were subjects that received APRV just under the 8 hours that were included after re-evaluation of
the overall subject number. After the initial UH report was compiled, subjects that were placed
on APRV but found without their settings documented were also excluded. Moreover, any
patient lacking the information necessary to calculate neither the P/F ratio, OI, OSI or MSOFA
score were not included. Instances such as known aspiration, improper intubation, and
complicated interventions during the ICU stay should be considered exclusion criteria to be
evaluated on an individual basis. However, these incidents could not be confirmed through a
simple EHR retrospective analysis. Moreover, any patient found with a pre-existing terminal

condition, such as end-stage renal disease or aggressive forms of cancer, would also potentially
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need to be excluded but were not necessarily accounted for during this study in consideration of
the short-term follow up.
Specific Procedures

Institutional Review Board (IRB) approval was sought via the typical protocol of the
academic medical center as well as through Nova Southeastern University (NSU). Once IRB
approval at both institutions was obtained, a data extraction report request was submitted to the
UH Information Office. This team performed a comprehensive, retrospective extraction of the
EHRs for all adult subjects who were admitted to UH in the intensive care environment and who
received PPV via APRV mode between October 1, 2013 and October 1, 2016. This retrospective
search allowed purposive sampling of a population that met inclusion criteria for the study.

Based upon all the initially submitted protocol and inclusion criteria, 102 potential
subjects were identified. Once the UH EHR data from the initial sample had been compiled in a
formal report, the complete applicable EHR numbers and all pertinent information were made
available to the investigator via secured email. The complete EHR of all subjects was then
accessible to the investigator within the confines of the approved IRB protocol, and it was noted
that many initially listed did not meet inclusion criteria of having received APRV for at least 24
hours. Shortly after the report was received, the investigator made a decision to separate out any
subject that was not placed on APRV for at least § consecutive hours as this represents a typical
8-hour working shift in a hospital setting. Several subjects that received APRYV just under the 8
hours were included after re-evaluating the total subject number. The overall goal remained
identifying patients who received APRYV for at least an average of 12-24 hours; however, the loss
of power was also considered in broadening the selection to include those receiving APRV for a

shorter time frame (at least 8 hours). The final yield was N = 68.
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The UH medical information office had compiled certain data into a Microsoft® Excel
spreadsheet, creating a specific database of information that highlighted only the selected fields
requested on the approved IRB protocol for the original 3-year time period. Requested fields
that were initially reported with no data were able to be verified and completed by doing manual
data extraction for each applicable subject. This tedious process allowed other measures or
variables, such as onset of APRV and exact ventilator settings, to be verified.

A data collection tool (DCT) form (Appendix A) was created to allow the investigator to
acquire specific information in a usable format directly from the UH report/spreadsheet. Manual
data extraction from the EHR was necessary to ensure complete information in the 2-page DCT
form. This search was performed for each subject specifically by MRN and required acquiring
certain information by an evaluation of a flowsheet or other report. During this process, various
data items from the original UH report were able to be confirmed to assure accuracy of the bulk
information originally provided by the UH Information Office. After all DCT forms were
completed, an electronic database was created utilizing FileMakerPro software. The electronic
database was exactly templated from the original DCT. The electronic database allowed for all
DCT forms data to be input into a usable electronic format that could be converted back to a
Microsoft® Excel spreadsheet that was directly input into Statistical Package for the Social
Sciences (SPSS) to allow statistical analyses.

Once the initial raw data extraction was performed and all possible missing fields were
accounted for on both the original spreadsheet and DCT forms, the P/F ratio, OI, OSI, and
MSOFA scores were calculated for each subject’s pre-APRV and post-APRV dosing. The
secondary Excel spreadsheet (edited version of the original spreadsheet report) was utilized to

input the mathematical formulas required to render specific P/F ratio, OI, and OSI for each
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subject. In addition, an “if, then” formula was created in Excel in order to calculate pre-APRV
and post-APRV MSOFA scores for all subjects. All complete data was then transferred from the
DCT forms into the electronic database, converted into an Excel spreadsheet, and transferred
directly into SPSS. The final rendering included the following for each subject:
e Name, MRN
e Age (years), sex, height (inches), weight (pounds)
¢ Intensive care unit (ICU) assigned: Medical, Surgical, Neuro, Other
e Vent mode prior to APRYV initiation
Pre-APRYV Settings and Parameters:
¢ Initial inhaled fractional concentration of oxygen (FiO2): %
e Positive End-Expiratory Pressure (PEEP): cmH20
e Peak inspiratory pressure (PIP): cmH20
e Mean airway pressure (MAWP): cmH20
e Oxygen saturation (Sp02): %
Initial APRV Settings and Parameters and Post-APRV Dosing Settings and Parameters:
e [L:E ratio
e FiO2 (%)
e T high (sec)
e T low (sec)
e Respiratory rate (RR) spontaneous: breaths per minute (bpm)
¢ RR total: bpm
e Tidal volume (Vt) exhaled: milliliters (ml)

e VT spontaneous: ml
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e P high (cmH20)

e P low (cmH20)

e PIP (cmH20)

e MAWP (cmH20)

e Minute ventilation/volume (Ve)

e Pa0O2 (mmHg)

e SpO2 (%)

In order to acquire the MSOFA scores at APRV initiation as well as post-APRV dosing,
the following additional parameters were acquired:

e Serum bilirubin (mg/dl)

e Mean arterial blood pressure (mmHg)

e Confirmation of use and dose of vasopressor medication
e Glasgow coma scale (GCS)

e Serum creatinine (mg/dl)

A sub-score was assigned to each subject based on mean arterial blood pressure and
serum creatinine score, templated from the original MSOFA table by Grissom et al. (Grissom et
al., 2010). Thereafter, a pre-APRYV initiation and post-APRYV dosing P/F ratio, OI, OSI, and
MSOFA score were calculated for each subject. The serum bilirubin was used from the original
SOFA metric and scored accordingly to replace the jaundice and icterus account on the MSOFA
version. Nevertheless, a MSOFA score was calculated for each subject in order to appreciate

any significant pre-APRV and post-APRYV change.
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Statistical Analyses

The overall sample demographics data were appraised, and specific metrics were
calculated by descriptive statistics for age, sex, race, height, weight, and body mass index (BMI).
Additionally, the primary independent variable, initial I-time setting, was initially appraised for
normal distribution. Pertinent clinical data was evaluated and reported as a conglomerate. The
change scores for the outcomes of interest (dependent variables) were also calculated to identify
any statically significant result. Correlation matrixes were created to evaluate whether any
relationship existed among the categorical and continuous variables. A bivariate analysis was
performed for all categorical variables. An additional correlational matrix was created linking
predictor variables to change in dependent variable scores, both pre-APRV and post-APRV. A
bivariate analysis of categorical variables and change scores was performed. A multiple
regression analysis was conducted to identify significant predictors for any of the four dependent
variables: P/F ratio, OI, OSI, and MSOFA scores.

Once pertinent data was accounted for, specific metrics regarding the entire purposive
sample were calculated, as reported. The investigator conducted data analysis via SPSS version
23 and 24 by descriptive and inferential statistics, as applicable. A p <.05 w