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 Acute Respiratory Distress Syndrome, or ARDS causes a rapid and severe 

deterioration in pulmonary function resulting in respiratory failure, and requires 

mechanical ventilation in a critical care setting. The current evidenced-based approach to 

the intermittent manipulation of ventilator settings is known as the “lung protective 

philosophy” and incorporates lower lung volumes and pressures than have historically 

been used. The nursing contribution to the process of mechanical ventilation involves 

monitoring both the patient and the ventilator to identify responses to therapy and initiate 

further intervention as indicated. The contribution of this monitoring activity to patient 

outcomes in ARDS care has not been adequately quantified.  
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In this study, monitoring intensity, therapeutic intervention intensity, compliance 

with lung protective parameters, and adverse events were explored as potential nursing 

sensitive indicators using a retrospective, descriptive study design. The sample consisted 

of 67 ARDS patients (45 men and 22 women) between the ages of 18 and 79 having 

received mechanical ventilation. Study variables were measured during the first 72 hours 

of treatment following diagnosis with ARDS based on nursing documentation in the 

medical record. Compliance with lung protective parameters for peak alveolar pressure 

and tidal volume were found to be lower than in previous clinical trials. The high 

prevalence of subjects (n=29) with risk factors for abdominal compartment hypertension 

in the sample was thought to contribute to this finding. The exclusion of these subjects 

with such risk factors did not result in significant increase in compliance with these 

parameters. 

Monitoring intensity was positively correlated with both severity of illness 

(r=0.500) and therapeutic intervention intensity (r=0.313), and was inversely related to 

compliance with lung protective parameters (r=0.392). The model including monitoring 

intensity, severity of illness, and compliance with lung protective parameters did not 

adequately fit the data (p= 0.082), and explained little of the variation in compliance with 

lung protective parameters. Only two adverse events (self-extubation and medication 

error) were reported during the study period. 

The heterogeneity of the ARDS population, the process of integrating research 

into practice, the interdependent nature of the interventions of interest, and retrospective 

nature of the study were identified as issues that affected the sensitivity of the selected 
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study variables to the unique contribution of nursing to the care of patients with ARDS 

receiving mechanical ventilation in this study. Further exploration of the sensitivity of 

these variables to the unique contribution of nursing, as well as the identification of other 

nursing sensitive variables is needed.  
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Chapter I: Introduction  

 An estimated 150,000 Americans annually are stricken with Acute Respiratory 

Distress Syndrome, or ARDS, a sudden, life-threatening illness which has mortality rates 

up to 50-75%, despite timely, aggressive treatment (Brandstetter, Sharma, DellaBadia, 

Cabreros, & Kabinoff, 1997; Sloane et al., 1992). This acute illness causes a rapid and 

severe deterioration in pulmonary function resulting in respiratory failure, and requires 

mechanical ventilation in a critical care setting for life support. Despite its universal 

application during the period of respiratory failure, mechanical ventilation as an 

intervention remains extremely complex. The current evidenced-based approach to the 

intermittent manipulation of ventilator settings is known as the “lung protective 

philosophy” (MacIntyre, 1996b; Marini, 1996) and incorporates lower lung volumes and 

pressures than have historically been used.  

 Nurses play an important role in maintaining the lung protective regimen, yet the 

unique value of nursing care during the process of mechanical ventilation needs study. 

The nursing contribution to the process involves monitoring both the patient and the 

ventilator to identify responses to therapy and initiate further intervention. However, the 

contribution of this monitoring activity to patient outcomes in ARDS care has not been 

adequately documented, in part because strategies to measure monitoring as a component 

of the process of care are lacking. Evaluation of relationships between nursing structures 

and monitoring in this population is also inadequate. Quantification of monitoring as a 
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process of care will help to identify the nursing contribution to outcomes of care for these 

patients, and identify opportunities for performance improvement. 

Purpose 

The purpose of this proposed study is to identify and describe the nursing 

contribution to outcomes of care for patients with ARDS receiving mechanical 

ventilation.  The specific aims of this study are: (1) to examine the relationships between 

nursing processes (patient-ventilator monitoring and patient-ventilator therapeutic 

intervention intensity) in a sample of patients with ARDS, (2) to examine the 

relationships between these processes and compliance with lung protective parameters as 

an outcome in the same population, and (3) to describe the characteristics of adverse 

events as an outcome in the same population. 

Background and Significance 

A pattern of prolonged ICU course, lengthy duration of artificial ventilation, and 

high mortality are characteristic of the natural history of ARDS (Sessler, 1998; Sloane et 

al., 1992). As many as 38% of affected patients remain hospitalized four weeks after 

onset, with 21% still requiring mechanical ventilation (Sloane et al., 1992). A high 

mortality rate of 50% to 75% persisted for over three decades despite significant 

advances in our understanding of its pathogenesis and increasing sophistication of 

mechanical ventilation techniques (Brandstetter et al., 1997; Fowler, Hamman, Good, & 

et al, 1983; Montgomery, Stager, Carrico, & Hudson, 1985; Sloane et al., 1992; Suchyta, 

Clemmer, Elliot, Orme, & Weaver, 1992; Ware & Matthay, 2000). Though still high, the 

mortality rate in the most recent reports has dropped to 30-40% for selected sub-
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populations such as patients under 60 years of age and nonseptic patients (Abel et al., 

1998; Milberg, Davis, Steinberg, & Hudson, 1995; Sloane et al., 1992). It is important to 

note, however, that for the survivors of ARDS, the incidence and degree of long term 

pulmonary sequelae seems to be minor (Brandstetter et al., 1997). Thus, if a person 

survives the lengthy treatment phase of acute illness, chances for normal pulmonary 

function in the future are good (Brandstetter et al., 1997; Hudson, 1994). 

The treatment for ARDS involves a variety of intensive and technically complex 

interventions from several disciplines. While the search continues for pharmacologic 

therapies to interrupt the inflammatory cascade feeding the pathogenesis of ARDS, 

mechanical ventilation remains the cornerstone of therapy (Brandstetter et al., 1997; 

Ware & Matthay, 2000). Assessment and optimization of the quality of ventilatory 

support is of paramount importance.  

Quality assessment in health care has traditionally involved the analysis of 

structures, processes and outcomes of care (Mark, Salyer, & Geddes, 1997; Mitchell, 

1993). A universal set of measures within these categories to assess all aspects of health 

care does not exist. Instead, a unique set of measures must be selected for the evaluation 

of each different aspect of care (Jennings & Staggers, 1998; Kleinpell, 1997; Mark et al., 

1997). Ideally, the set of measures selected should adequately represent the complete 

model for the intervention of interest and the full continuum of outcomes expected to be 

impacted (Strickland, 1997). Additionally, in order to uncover relationships among the 

measures, they must be indicators that are sensitive to changes in the aspects of care 

being evaluated.  
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Absent the ability to distinguish the relative contributions of various disciplines, 

structures, and specific interventions, the responsibility for outcomes, good or bad, will 

remain unanswered. Likewise, in this era of healthcare cost reduction, there is much 

interest in determining which structures and processes can be reduced without affecting 

quality (Maas, Johnson, & Moorhead, 1996). Consequently, measures that reflect the 

effects of multiple providers as well as those that mirror the contributions of a singular 

discipline are advocated (Jennings, 1991; Marek, 1997). 

With respect to ventilatory support for patients with ARDS, however, the major 

focus has historically been on evaluating the various modes of ventilation in an attempt to 

determine the best method of ventilation for these patients (Abraham & Yoshihara, 1990; 

Amato et al., 1998; East et al., 1992; Gurevitch, Dyke, Young, & Jackson, 1986; Lain et 

al., 1989; Lessard, Guerot, Lorino, Lemaire, & Brochard, 1994; Luhr, O. R., Karlson, M., 

Thorsteinsson, Rylander, C., & Frostell, C. G., 2000; McIntyre et al., 2000; Morris et al., 

1994; Poelaert, Vogelaers, & Colardyn, 1991; Rappaport et al., 1994; Tharratt, Allen, & 

Albertson, 1988). Such studies have traditionally treated “mode of ventilation” as a 

discrete process variable using a nominal scale of measurement. The health outcomes 

measured in these efficacy studies have been limited to mortality, oxygenation, and 

respiratory mechanics.  

Mechanical ventilation as a process of care, however, is very complex, dynamic, 

and multidisciplinary in nature (Hubmayr, Abel, & Rehder, 1990; Kite-Powell et al., 

1999; Pilbeam, 1998; Slutsky, 1993). It requires the coordinated actions of nursing, 

respiratory therapy, and medicine for appropriate monitoring and adjustment (Branson, 
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1995; Marini, 1990). In most situations, it is nurses who contribute most significantly to 

the monitoring of responses to mechanical ventilation and the coordination of needed 

adjustments (1991; Burns, 2001; Thorens, Kaelin, Jolliet, & Chevrolet, 1995). Further, 

this process necessitates the concomitant use of other therapies, such as nutritional and 

hemodymanic support, which also require frequent monitoring and adjustment by nurses 

(Chang, 1997; Pierce, 1995; Pilbeam, 1998).  

Interestingly, when mode of ventilation has been used as a nominal process 

measure, no differences in the traditionally measured outcomes have consistently been 

demonstrated (East et al., 1992; Lessard et al., 1994; Lichtwarck-Ashoff, Nielsen, 

Sjostrand, & Edgren, 1992; Markstrom, Lichtwarck-Aschoff, Svensson, Nordgren, & 

Sjostrand, 1996). In this context, “mode of ventilation” hardly seems an adequate 

reflection of the complete model of this intervention, nor is it likely to be sensitive to 

nursing contributions. In order to adequately evaluate and quantify nursing’s contribution 

to the care of ARDS patients receiving mechanical ventilatory support, measures that 

reflect the full scope and intensity of the intervention, including behaviors inherent to the 

process of monitoring, must be identified and incorporated into study designs.  

Statement of Problem 

 Due to the complex and dynamic nature of mechanical ventilation as an 

intervention, assessment of the quality of care provided patients receiving this 

intervention is likewise a complex endeavor. Separation of the unique contributions of 

the respective disciplines is challenging (Irvine, Sidani, & Hall, 1998; Jennings, 1991; 

Strickland, 1997).  This challenge must be met, however, in order to uncover hidden steps 
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in the causal chain linking care processes of mechanical ventilation with patient outcomes 

and to identify specific aspects of the process of care in need of improvement.  

 In order to quantify the differential contribution of nursing in the care of ARDS 

patients receiving mechanical ventilation, nursing sensitive aspects of the process of care 

must be identified. Thus, an exploratory study is proposed to identify nursing sensitive 

process and outcome variables in the care of patients with ARDS receiving mechanical 

ventilation.  

Conceptual/Theoretical framework 

The conceptual framework for the proposed study is based on the structure-

process-outcome model as proposed by Donabedian (Donabedian, 1966; Donabedian, 

1968; Donabedian, 1982; Donabedian, 1985; Donabedian, 1992) (Appendix A). The idea 

that the quality of healthcare can be inferred from the end result or outcome of such care 

is not new. For a variety of reasons, however, the practice of associating outcomes to 

quality has only recently gained widespread acceptance in the healthcare industry 

(Hammermeister, Shroyer, Sethi, & Grover, 1995; Houston & Miller, 1997; Jennings & 

Staggers, 1998; Marek, 1989). To date, the predominant model driving the current 

outcomes movement has been the structure-process-outcome model or some variation 

thereof (Houston, 1996; Irvine et al., 1998; Jennings & Staggers, 1998; Mark et al., 1997; 

Tarlov et al., 1989). Though not the first to promote the use of outcomes in assessing the 

quality of healthcare, Avedis Donabedian, a distinguished physician and expert in quality 

assessment, was perhaps the first to expand this idea into an organized conceptual model 

to guide quality assessment (Donabedian, 1966; Hammermeister et al., 1995; Jennings & 
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Staggers, 1998). Throughout his career, Donabedian wrote extensively about this model 

and its usefulness for quality assessment and management (Donabedian, 1966; 

Donabedian, 1968; Donabedian, 1982; Donabedian, 1985; Donabedian, 1992). 

The Elements of Quality Assessment 

A central theme throughout these writings is the idea that it is the definition of 

quality that dictates the elements of concern in quality assessment (Donabedian, 1966; 

Donabedian, 1968; Donabedian, 1982; Donabedian, 1985; Donabedian, 1992). The 

description of quality as presented in the original model and the associated elements of 

concern were formulated from the medical perspective, detailing the evaluation of the 

medical care process. Quality was described as, “a judgement concerning the process of 

care based on the extent to which that care contributes to valued outcomes” (Donabedian, 

1982), (p.3).  In this context, quality is judged based on the extent to which the process of 

medical care achieves its intended goals or objectives (Donabedian, 1982). The generally 

accepted goals of medical care were said to include the promotion, preservation, and 

restoration of health (Donabedian, 1982). Dr. Donabedian reasoned that there were three 

major elements of concern when performing a quality assessment of medical care, 

namely, structure, process, and outcome (Donabedian, 1966; Donabedian, 1968; 

Donabedian, 1982; Donabedian, 1985; Donabedian, 1992).  

These three elements have come to be known as ‘Donabedian’s Triad’ and 

comprise the major concepts in the structure-process-outcome model (Donabedian, 1966; 

Donabedian, 1968; Donabedian, 1982; Donabedian, 1985; Donabedian, 1992). The 

element of structure is conceptually defined in terms of the setting in which care takes 
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place and relates to the organization of health care resources (Donabedian, 1966). It is 

characterized by the demographic characteristics and education of the providers, the 

adequacy of the facilities and equipment, and the overall administrative environment 

(Donabedian, 1966). The element of process is conceptually defined as the activities that 

constitute care (Donabedian, 1968). Such activities are categorized into technical care 

and management of interpersonal relationships (Donabedian, 1982), and described in 

terms of client behaviors, provider behaviors, and the complex interactions between them 

(Donabedian, 1968). The element of outcome is conceptually defined as the end result of 

the process of care (Donabedian, 1966; Donabedian, 1985). More specifically, it is said to 

include, “those changes, either favorable or adverse, in the actual or potential health 

status of persons, groups, or communities that can be attributed to medical care” 

(Donabedian, 1985), (p. 256). 

Conceptual Relationships 

The language used when describing the presumed relationships among structure, 

process, and outcome attributes is unmistakably causal in nature. With respect to 

structure and process, Donabedian asserts that, “The assumption is made that given the 

proper settings and instrumentalities, good medical care will follow” (1966, p.170). 

Structure and process are referred to as the antecedents of outcomes, which in turn are 

said to be the end result, consequence, or the effect of process. Specific attributes of 

structure, process, and outcome are considered valid for the purpose of quality 

assessment only to the extent that causal relationships have been demonstrated 

(Donabedian, 1966; Donabedian, 1992).  
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Particular outcomes are described as the result of not one, but rather a ‘host’ of 

antecedents. This presumption of multiple causation opens the door for very complex 

relationships and interactions, which can be seen to both enhance and limit the usefulness 

of the model. Because outcomes are thought to be the product of multiple antecedent 

factors, including contributions made by the collective health care disciplines, 

Donabedian considered them to be the ideal attributes for evaluation of total patient care 

(Donabedian, 1966; Donabedian, 1968; Donabedian, 1992). To the extent that such 

attributes are incorporated into quality assessment then, the usefulness of the model is 

enhanced. In the setting of multiple interacting causative factors, however, the causal 

chain may be difficult to disentangle, and in many instances may be underdeveloped 

(Donabedian, 1992). In such circumstances, selection of specific attributes within the 

triad as valid quality indicators for particular aspects of medical care may be confusing. 

Likewise, interpretation of provider performance on such indicators can be problematic. 

Attainment of a specific outcome is attributable to a specific causative factor only to the 

extent that other contributing factors are held constant (Donabedian, 1966; Donabedian, 

1992).  

It is of no small significance that patient characteristics are identified by 

Donabedian as examples of contributing factors. Unfortunately, however, there is little 

discussion or explanation provided as to their overall significance in the original 

presentation of the model. Since that time, the significance of incorporating various 

patient characteristics for the purpose of determining severity of illness and assessing for 

the risk of certain outcomes has been well documented (Coyle & Battles, 1999; Green, 
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Passman, & Wintfeld, 1991; Green, Wintfeld, Sharkey, & Passman, 1990; Irvine et al., 

1998; Jencks et al., 1988a; Jencks et al, 1988b; ; Kane, 1997; Knaus, Wagner, & Draper, 

1984; Mitchell, Ferketich, & Jennings, 1998; Tarlov et al., 1989).  

Within this framework, the relationship between the antecedent elements and 

outcomes is more specifically described as probabilistic in nature (Donabedian, 1992). 

Given that many causative factors have yet to be uncovered or remain unmeasured, the 

prediction of outcome based on the presence or absence of one isolated antecedent with 

complete certainty is unrealistic. ‘Good’ structural and process attributes do not always 

result in ‘good’ outcomes, and poor performance does not always result in poor outcome 

(Donabedian, 1992). In other words, while an antecedent may be necessary to produce a 

given outcome it may not be sufficient. Donabedian’s support for the use of outcome 

measures as quality indicators thus comes with the following caveat, “The presence or 

absence of the outcome can, therefore, be taken not as conclusive evidence of poor care, 

but as a presumption of good or bad quality, subject to confirmation by more detailed 

review of the process of care” (Donabedian, 1982), p. 42).  

Model Assumptions and Limitations  

Three major underlying assumptions emerge from Donabedian’s writings about 

the structure-process-outcome model that have implications relative to the validity and 

usefulness of the model for quality assessment in medicine as well as the broader context 

of health care. These assumptions center on the definition of quality and selection of 

outcomes, health as a multidimensional concept, and multiple causation. 
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The first assumption is that multiple definitions of quality exist. According to 

Donabedian (1982), quality as a judgement implies valuation and is tied to the 

achievement of intended goals and objectives. Thus, the differences in philosophical 

value systems that may exist among the healthcare disciplines as well as between these 

disciplines and patients may translate into differences in the intended goals. In this 

context, multiple perspectives on what constitute quality care is a natural consequence. In 

the words of Donabedian (1966), “… one may not speak of quality in global terms but of 

quality in special dimensions and for specific purposes” (p. 194). To this end the validity 

of specific evaluative criteria is context-dependent and the usefulness of a particular 

quality assessment is contingent upon congruency with one’s definition of quality 

(Kleinpell, 1997). This accommodation of multiple definitions of quality offers a measure 

of philosophical pluralism and allows for a broad application of the model. 

The second assumption that emerges from Donabedian’s work is that health is a 

multidimensional concept. Donabedian (1982) spoke of health as an ‘extensive domain’ 

with physical, physiologic, psychologic, and social aspects and noted that such 

multidimensionality translates into an almost limitless cadre of potential health outcome 

measures. The conceptualization and significance of health in the model is also congruent 

with the goals and objectives of nursing (Fawcett, 1984; Smith, 1981) that support the 

application of the model for quality assessment of nursing care. 

The third assumption is that of multiple causality with respect to the outcomes of 

care. The attractiveness of health outcomes as evaluative criteria for total patient care is 

clearly strengthened by the assumption that such outcomes are in fact affected by the 
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contributions of the collective disciplines (Donabedian, 1966; Donabedian, 1968; 

Donabedian, 1992). This has led to the misguided practice of relying solely on outcome 

measures for quality review (Donabedian, 1992). However, the lack of understanding 

with regard to the contribution of specific processes, both within and between the 

collective disciplines, must not be overlooked. “Perhaps no issue has more salience for 

quality assurance than whether observed patient outcomes bear any plausible 

relationships to the process of care. Absent these relationships, outcomes can offer no 

particular guidance to quality assurers as to how to improve the quality of care delivered, 

even if they might suggest that quality needs improving” (Lohr, 1988), p. 45). 

Consequently, it is recommended that information on all three elements (structure, 

process, and outcome) be incorporated into quality assessment activities (Donabedian, 

1992; Hammermeister et al., 1995). 

Research Questions 

 
The research questions explored in this study include the following: 

1. What are the relationships between compliance with lung protective parameters, 

patient-ventilator monitoring intervention intensity, severity of illness, and 

patient-ventilator therapeutic intervention intensity in patients with ARDS 

receiving mechanical ventilation?  

2. What are the characteristics of adverse events reported in patients with ARDS 

receiving mechanical ventilation? 

3. What are the psychometric properties of the PV-MISS and PV-TISS instruments? 
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Definitions 

1. ARDS - an acute inflammatory disorder resulting from direct or indirect lung 

injury characterized by pulmonary microvascular permeability leading to 

intraalveolar edema and progressive alveolar collapse. According to the 

American-European Consensus Conference Committee (Bernard et al., 1994), 

ARDS is said to occur clinically when the following conditions are met: diffuse 

bilateral parenchymal infiltrates on chest radiography, a pulmonary artery wedge 

pressure less than or equal to 18 mm Hg or the absence of clinical evidence of left 

atrial hypertension, and sudden onset of the partial pressure of oxygen and 

fraction of inspired air ratio (PaO2/FIO2)  less than or equal to 200.   

2. Patient-Ventilator Monitoring Intervention Intensity - a measure of the degree to 

which selected patient-ventilator system parameters are monitored and recorded. 

The frequency in which selected patient-ventilator system parameters are 

documented  is recorded each shift. For each parameter, the total frequency is 

multiplied by the point value assigned by the Patient-Ventilator Monitoring 

Intensity Scoring System (PV-MIISS) tool developed for this study. The sum of 

points across all parameters is calculated to obtain the patient-ventilator 

monitoring intensity score. 

3. Patient-Ventilator Therapeutic Intervention Intensity - a measure of the intensity 

of interventions specifically targeted toward management of the patient-ventilator 

system. All interventions targeted toward management of the patient-ventilator 

system that are documented are recorded each shift. For each intervention, the 
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total frequency is multiplied by the point value assigned by the Patient-Ventilator 

Therapeutic Intervention Intensity Scoring System (PV-TIISS) developed for this 

study. The sum of points across all interventions are calculated to obtain the total 

patient-ventilator therapeutic intervention intensity score.  

4. Compliance with Lung Protective Parameters - the percentage of time during the 

first three days of mechanical ventilation following diagnosis of ARDS that lung 

protective parameters are maintained. Lung protective parameters include a 

plateau pressure less than or equal to 30cm H2O and a tidal volume less than 10 

cc/kg body weight.  

5. Adverse Events - any situations that occur within a study patient’s hospitalization 

that result in an actual or potential decrease in patient safety (Beckman et al., 

1996) and were reported to the Clinical Safety Office at the study site during the 

study period. 

6. Severity of Illness – a measure of the risk of hospital death. Severity of illness is 

measured using the Acute Physiology and Chronic Health Evaluation (APACHE 

II) prognostic scoring system (Knaus, Draper, Wagner, & Zimmernam, 1985).  

7. Etiology of ARDS – The predisposing disorder believed to contribute to the 

development of ARDS as determined by the treating physician in the intensive 

care unit based on the patient's history and clinical presentation.  
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Assumptions 

1. Monitoring patient-ventilator system parameters is an essential component of 

mechanical ventilation as an intervention to promote compliance with lung 

protective parameters. 

2. Patient-ventilator therapeutic intervention is essential to the maintenance of lung 

protective parameters in ARDS patients receiving mechanical ventilation. 

3. The PV-MIISS is a valid measure of patient-ventilator monitoring intervention 

intensity. 

4. The PV-TIISS is a valid measure of patient-ventilator therapeutic intervention  

intensity. 

5. Patient-ventilator monitoring ntervention intensity can affect the safety of patients 

with ARDS. 

6. Compliance with lung protective parameters is a valid indicator of quality for 

patients with ARDS receiving mechanical ventilation. 

Limitations 

1. Random sampling will not be used, thus the sample may not be representative of 

the ARDS population. 

2. The appropriateness of physician response to monitored patient-ventilator 

parameters may affect compliance with lung protective parameters but will not be 

measured.  

3. Nursing documentation may not capture the full complement of monitoring 

activities or therapeutic interventions directed at the patient-ventilator system. The 
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respiratory care staff contribute significantly to the management of the patient-

ventilator system through monitoring activities and implementation of physician 

orders for manipulation of ventilator settings. While some of the monitoring and 

intervention activities of the respiratory care staff may be captured in the nursing 

documentation, a significant number may only appear in the respiratory care 

documentation. Reliance on nursing documentation alone to capture these 

variables may result in an incomplete quantification of these processes of care.  

  

Summary 

 People with ARDS have been identified as a high mortality population requiring a 

multidisciplinary approach to care. Mechanical ventilation is the cornerstone of ARDS 

therapy and is a dynamic process requiring close monitoring and intermittent 

manipulation of ventilator settings in order to enhance treatment effectiveness and 

prevent complications. Monitoring the patient-ventilator system and initiating further 

intervention as indicated is the predominant nursing contribution to this intervention. 

Donabedian’s structure-process-outcome model will be used as a conceptual model to 

guide the evaluation of the process of care for this study, with outcomes identified as 

compliance with lung protective parameters and adverse events. Research questions, 

variable definitions, study assumptions and study limitations were presented. Identifying 

nursing sensitive quality measures for patients with ARDS warrants attention. 
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Chapter II. Review of Literature 

Until recently, a mortality rate in excess of 50% had been consistently 

documented for ARDS patients (Brandstetter, Sharma, DellaBadia, Cabreros, & 

Kabinoff, 1997; Sloane et al., 1992). More recent reports, however, suggest that this may 

be changing favorably to less than 40% (Abel et al., 1998; Amato et al., 1998; Amato et 

al., 1995; ARDS Network, 2000; Callister & Evans, 2002; McIntyre et al., 2000; Milberg, 

Davis, Steinberg, & Hudson, 1995). In order to sustain this trend of declining mortality, a 

better understanding of the relationships between various structures and processes of care 

for ARDS to outcomes of this care is needed. Evaluation of the quality of care for 

patients with ARDS requires an understanding of the disease process as well as the 

associated components and outcomes of care. Mechanical ventilation and monitoring as 

processes of care are especially important in the identification of potential quality 

indicators. This section will include a review of the literature related to the use of 

mechanical ventilation and monitoring as interventions for ARDS as well as relationships 

between associated patient characteristics and outcomes pertinent to the study.                     

The Patient with Adult Respiratory Distress Syndrome 

 Ashbaugh and colleagues (Ashbaugh, Bigelow, Petty, & Levine, 1967) are 

generally credited with introducing ARDS in their report of 12 patients exhibiting a 

similar clinical pattern of acute respiratory distress who did not respond to known 

treatment. They noted that the clinical and pathologic features of this syndrome were 

strikingly similar to those seen in infantile respiratory distress syndrome (RDS), and 

included acute onset of tachypnea, hypoxemia, and loss of compliance. Necropsy 
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findings revealed areas of alveolar atelectasis, interstitial and intraalveolar edema, 

intraalveolar hemorrhage, hyaline membranes, and interstitial inflammation with fibrosis. 

Since that time, ARDS continues to be the focus of much investigation to identify 

etiologic factors and pathophysiologic processes. ARDS is now known to result from a 

diffuse inflammatory process leading to pulmonary microvascular permeability 

accompanied by pulmonary interstitial and intraalveolar edema and microatelectasis 

(Aberle & Brown, 1990; Bachofen & Weibel, 1982; Bone, Gravenstein, & Kirby, 1980; 

Sugarman, Rogers, & Miller, 1972; Tomashefski, 1990). Progressive alveolar collapse, 

decreased functional residual capacity (FRC), and increased intrapulmonary shunt are the 

predominant manifestations of this pathogenesis. Clinically, patients experience profound 

arterial hypoxemia and noncompliant or “stiff” lungs (Brandstetter et al., 1997; Ware & 

Matthay, 2000). 

 The severity of the clinical findings associated with ARDS is testimony to the 

diffuse nature of the parenchymal damage. It has been estimated that 50-70% of the lung 

units are poorly aerated or non-aerated in the ARDS lung (Gattinoni, Pesenti, Avalli, 

Rossi, & Bombino, 1987). This diffuse injury is heterogeneously distributed with pockets 

of normally aerated and compliant lung units interspersed throughout (Gattinoni et al., 

1987; Marcy & Marini, 1991). Such heterogeneity of lung injury has been identified as a 

primary source of difficulty in providing optimal mechanical ventilation for this patient 

population (MacIntyre, 1996a; Shapiro & Peruzzi, 1995). 

 The respiratory mechanics of aerated lung units are more favorable to inflation 

than those that are partially or non-aerated. The application of traditional positive 
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pressure mechanical ventilation techniques thus results in a non-uniform distribution of 

ventilation with overdistention of some units and underventilation of others which creates 

an environment favoring the development of ventilator-induced lung injury (VILI) 

(Shapiro & Peruzzi, 1995). This propensity for hyperinflation of aerated lung units is 

aggravated by large tidal volumes and elevated airway pressures (MacIntyre, 1996; 

Marini, 1996; Sessler, 1998). Interestingly, many forms of VILI are indistinguishable 

histologically from those lesions incurred during the initial ARDS insult (Tsuno, Miura, 

Takeya, Kolobow, & Morioka, 1991).   

Processes of Care 

Treatment for ARDS has traditionally involved intensive intervention and 

monitoring in an intensive care unit (ICU). Although there are numerous interventions 

used to care for these patients with ARDS, mechanical ventilation is said to be the 

cornerstone of therapy (Sessler, 1998; Ware & Matthay, 2000). However, controversy 

continues over which specific techniques yield the most effective oxygenation while 

inflicting the least amount of harm. Further, this intervention by its very nature requires 

the concomitant implementation of another intervention, namely that of monitoring. 

Thus, the processes of care pertinent to this proposed study include both mechanical 

ventilation and monitoring. This section will provide a review of what is known about the 

use of these two interventions in the context of ARDS. 

 



  

 20 
 
 

 

Mechanical Ventilation as an Intervention 

 The use of continuous positive pressure ventilation (PPV) was introduced as a 

therapeutic intervention to enhance oxygenation for patients with pulmonary edema by 

Barach and colleagues (Barach, Martin, & Eckman, 1938). Using technology based on 

the pressurized facemasks of World War II pilots in non-pressurized aircraft, automatic 

positive pressure-cycled ventilators were further refined (Petty, 1990). In the late 1950s 

and early 1960s the use of a piston motor that allowed for the control of the delivered 

tidal volume was introduced and the technique of volume-cycled PPV was born (Petty, 

1990). 

Mechanism of Action 

 Ventilation, whether induced naturally or artificially, involves the creation of a 

pressure gradient between the atmosphere, the airway, the alveolus, and the pleural space 

such that a volume of gas flows into the alveolus (Hubmayr, Abel, & Rehder, 1990; 

Marini, 1990). The alveolus is the site of interface with the pulmonary microvasculature 

and thus only the gases that reach this area undergo diffusion (Guyton & Hall, 2000; 

Pierce, 1995). Alveolar gas volume is thus considered the ultimate determinant of gas 

exchange (Guyton & Hall, 2000).  

 During mechanical ventilation a positive pressure is artificially induced at the 

airway opening which creates a pressure gradient resulting in the flow of gas into the 

lungs and an increase in alveolar volume (Pierce, 1995; Pilbeam, 1998). The volume and 

pattern of gas flow is manipulated by clinicians through adjustments in various volume 

and pressure control settings to achieve the desired increase in alveolar volume. Since it 
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has not been technologically possible to measure alveolar volume in the clinical setting, 

such adjustments have been guided by surrogate volume and pressure measures.  

Of these measures, mean airway pressure (Maw) is said to be the most easily 

measured clinical analog of mean alveolar pressure (Marini & Ravenscraft, 1992a; 

Marini & Ravenscraft, 1992b). Based on the assumption that alveolar pressure is a valid 

indicator for alveolar volume, Maw has been advocated as the major determinant of 

oxygenation in mechanical ventilation (Marini & Ravenscraft, 1992a; Marini & 

Ravenscraft, 1992b). This has been supported empirically in two classic studies (Boros, 

1979; Ciszek, Modanlou, Owings, & Nelson, 1981). Boros (1979) collected data on 12 

neonates receiving mechanical ventilation for respiratory failure secondary to various 

causes. During the study, Maw was manipulated using different combinations of ventilator 

settings. In all patients, the best oxygenation, measured by the ratio of partial pressure of 

oxygen to fraction of inspired oxygen (PaO2/FIO2), occurred at the highest Maw 

(p<0.001).  

 Ciszek et al (1981) collected data on 9 neonates receiving mechanical ventilation 

for respiratory distress syndrome (RDS). In this study, patients served as their own 

controls and were ventilated alternately with two combinations of ventilator settings. The 

Maw generated by both combinations of ventilator settings was the same. No significant 

differences in PaO2 occurred during any of the experimental conditions. Since no changes 

in oxygenation were noted when Maw was held constant, the authors inferred that it is 

Maw that determines PaO2 regardless of the ventilator settings used to attain a given Maw. 
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 A second surrogate measure for alveolar volume, positive end expiratory pressure 

(PEEP), also emerged as a strong determinant of oxygenation in mechanical ventilation 

(Ashbaugh et al., 1967; Downs, Klein, & Modell, 1973; Kirby et al., 1975; Kumar et al., 

1970). Based on the results of over 60 years of research in both human and animal 

models, PEEP is thought to increase alveolar volume during expiration which results in 

distention of patent alveoli, the prevention of alveolar collapse during the expiratory 

cycle, the recruitment of non-patent alveoli, and redistribution of extravascular lung 

volume to the perivascular space (Dantzker, 1982; Gattinoni et al., 1987; Kacmarek & 

Petty, 1988; Peruzzi, 1996; Stoller, 1988; Sugarman et al., 1972). 

Empirical support for the role of PEEP as a major determinant of oxygenation in 

mechanical ventilation is exemplified in the classic study by Sugarman and colleagues 

(1972). They collected data on eight patients with diffuse pulmonary interstitial edema 

receiving PPV for significant hypoxemia. Patients were treated with a stepwise increase 

in PEEP from 5 to 15 cm H2O. These changes were followed by a corresponding 

stepwise increase in PaO2. While both the magnitude of the PaO2 increase with each 

incremental change in PEEP and the cumulative increase varied, all patients experienced 

some improvement.  

Traditional Approaches to Mechanical Ventilation 

 Using such surrogate measures as a guide, clinicians historically manipulated 

ventilator control settings to provide an alveolar ventilation sufficient to normalize the 

arterial blood gas parameters of pH, PaO2, and partial pressure of carbon dioxide (PCO2) 

(Marini, 1996; Pesenti, 1990). Patterns of ventilator control settings, known as modes of 
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ventilation, emerged as clinicians gained experience with mechanical ventilation as an 

intervention for various diseases. The predominant mode used in attempts to achieve 

these objectives involved continuous volume ventilation (CVV), in which 

supraphysiologic tidal volumes (VT) of 10-15 cc/kg body weight were delivered at a 

constant flow rate to maintain an inspiratory to expiratory ratio (I:E) less than 1:1 

(Hubmayr et al., 1990; Marcy & Marini, 1991; Marini, 1996; McKibben & Ravenscraft, 

1996; Stoller & Kacmarek, 1990). In this mode VT, peak flow, and/or inspiratory time 

fraction are controlled by the clinician and the resulting airway pressures vary from 

breath to breath. (McKibben & Ravenscraft, 1996). The respiratory frequency is adjusted 

to minimize patient effort and PEEP is applied to facilitate recruitment of non-aerated 

alveoli and decrease FIO2 requirements (Hubmayr et al., 1990; Marcy & Marini, 1991; 

Stoller & Kacmarek, 1990). While this mode of ventilation has been said to reduce the 

risk of hypoventilation, it has been criticized for generating excessively high peak airway 

pressures (Hubmayr et al., 1990; MacIntyre, 1996a; Marcy & Marini, 1991; Marini, 

1994b; Marini, 1996; Sessler, 1998).    

Ventilator-Induced Lung Injury 

 The contribution of the pressures and volumes imposed by traditional approaches 

of mechanical ventilation to lung pathology was not appreciated for some time due to the 

difficulty in distinguishing such effects from the underlying pulmonary disease (Dreyfuss 

& Saumon, 1998). Much of what was once attributed to the natural progression of 

selected pulmonary disorders such as ARDS and hyaline membrane disease (HMD) is 

currently believed to be the result of exposure to excessively high lung volumes and 
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pressures associated with traditional approaches to mechanical ventilation (Dreyfuss & 

Saumon, 1998).  

Examples of such iatrogenic lung injury include two major forms of VILI: 

pulmonary airleaks and histopathologic changes. Histopathologic changes include 

pulmonary microvascular permeability, hyaline membrane formation, alveolar 

hemorrhage, alveolar neutrophil infiltration, interstitial thickening, and proliferation of 

alveolar macrophage and type II pneumocytes (Dreyfuss & Saumon, 1998; Parker, 

Hernandez, & Peevey,1993). Traditionally, these types of injuries, particularly the 

pulmonary airleaks, have been referred to as “barotrauma”. This nomenclature evolved 

from the belief that such injuries were pressure-induced. More recently, however, the role 

of pressure as the sole etiology of these injuries has been questioned, and alveolar 

distending volume implicated as a source of injury. As a consequence, many authors have 

suggested a change in nomenclature from “barotrauma” to “volutrauma” for these forms 

of ventilator induced lung injury (VILI) (Dreyfuss & Saumon, 1992). Following is a 

description of the causal mechanisms believed to result in these two major forms of VILI, 

and a brief review of the supporting empirical evidence. 

Pulmonary Airleaks 

 Basically, a pulmonary airleak means that air has extravasated from the alveolar 

space and moved into the interstitium. As a result of the classic historical work of 

Macklin and Macklin (1944), it is generally accepted that the alveolar rupture resulting in 

various forms of pulmonary airleaks occurs as a result of a pressure gradient between an 

alveolus and its adjacent bronchovascular sheath. Gas, having extravasated from the 



  

 25 
 
 

 

ruptured alveolus, enters the pulmonary interstitium, and, depending on its path of 

dissection, results in pulmonary interstitial emphysema (PIE), pneumothorax, 

pneumoperitoneum, pneumopericardium, or pneumomediastinum. The exact cause of this 

pressure gradient, however, remains somewhat controversial. 

 High peak inspiratory pressure (PIP) was identified as a contributing factor to 

PPV-related pulmonary airleaks as a result of the significant associations between the 

incidence of airleaks and high PIP reported in several studies (Manning, 1994). In a 

retrospective study of 65 patients receiving mechanical ventilation, for example, Kumar 

and colleagues (Kumar, Pontopiddan, Falke, Wilson, & Laver, 1973) reported a 19% 

incidence of pulmonary airleak in patients with a PIP exceeding 36 cm H2O compared to 

an incidence of less than 3% in patients with a PIP less than 36 cm H2O. 

 In a prospective study in which the daily chest x-rays of 200 critically ill patients 

receiving PPV were evaluated for evidence of pulmonary airleak, an overall incidence of 

11% (22 patients) was reported (Cullen & Caldera, 1979). These authors determined that 

PPV could definitely be ruled out as an etiologic factor in 16 of these cases and probably 

ruled out in five additional cases. In the remaining case, the authors concluded that the 

airleak was definitely related to PPV, resulting in a PPV-related incidence of airleak for 

their series of 0.5%. Interestingly, the patient who developed PPV-induced pulmonary 

airleak was ventilated with PIPs of 58-76 cm H2O for two weeks and a PEEP of 8-12 cm 

H2O for almost 20 days. However, 30 other patients required PEEP levels greater than 12 

cm H2O and 60 other patients received PIP greater than 40 cm H2O without developing 
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signs of airleak. These authors attributed the low incidence of PPV-related airleak to the 

absence of patients with ARDS in their sample. 

 Two other studies also contributed useful knowledge about airleaks. Woodring 

(1985) retrospectively evaluated chest x-rays for evidence of pulmonary airleak in 15 

patients diagnosed with ARDS. Of the 13 patients with evidence of a pulmonary airleak, 

12 (92%) had a documented PIP of 40 cm H2O or above. Petersen & Baier (1983) 

prospectively evaluated 171 patients admitted to a medical intensive care unit (MICU) 

with respiratory failure requiring mechanical ventilation for development of pulmonary 

airleak. A total of 14 patients developed an airleak, all of whom had a documented PIP in 

excess of 50 cm H2O. These 14 patients represented 43% of the patients with a PIP 

greater than 70 cm H2O, and 8% of the patients with a PIP between 50 and 70 cm H2O. 

 Such evidence of association between PIP and pulmonary airleak must not, 

however, be interpreted as a causal relationship, as evidence also exists that an elevation 

of PIP alone is not sufficient to cause pulmonary airleak. For example, Pollak and Adams 

(1932) found that dogs subjected to PIPs of 90 mm Hg developed significant pulmonary 

airleak, while no airleak developed when dogs were subjected to the same PIP when lung 

expansion was limited by application of tight abdominal bandages. Similar results were 

produced years later in a study with rabbits (Caldwell, Powell, & Mullooly, 1970).  

Such evidence has lead to the notion that alveolar distention rather than pressure 

alone results in the pressure gradient that causes pulmonary airleak (Haake, Schlichtig, 

Ulstad, & Henschen, 1987; Manning, 1994; Pierson, 1988). More recently, Rouby et al 

(1993) performed a histological examination of the lungs of 30 critically ill post-mortem 
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patients having received PPV in a surgical intensive care unit for acute respiratory failure. 

Airspace enlargement was identified in 26 (87%) lungs, alveolar overdistention in 16 

(53%) lungs, and intraparenchymal pseudocysts in 23 (77%) lungs. Retrospective review 

of the medical records of the patients with severe airspace enlargement revealed a higher 

incidence of pneumothorax (10 of 26 patients) and ventilation with higher PIPs and VTs 

when compared to patients without airspace enlargement. They concluded that, “… the 

use of high peak airway pressures and large tidal volumes during mechanical ventilation 

tends to increase the size of alveolar overdistention and intraparenchymal pseudocysts 

and to augment the risk of pneumothorax” (p. 388). 

Histological Changes 

 The association of histopathologic changes (actual microscopic cellular changes) 

in lung parenchyma with PPV was introduced in the 1960s when clinicians noticed that 

some patients experienced deterioration in lung function seemingly unrelated to their 

underlying disease, following the use of PPV (Pontopiddan, Hedley-Whyte & Bendixen,  

1965). This phenomenon became known as “respirator lung syndrome” and was 

characterized by a progressive decline in lung compliance and vital capacity, worsening 

hypoxemia, and changes in gross and microscopic appearance at autopsy. In attempt to 

further describe this syndrome and characterize it’s pathogenesis, Nash and colleagues 

(Nash, Blennerhassett, & Pontopiddan, 1967) compared the pathological findings at 

autopsy in a group of 70 neonates having received prolonged mechanical ventilation with 

a control group of 70 neonates never having received PPV. They found a significantly 

higher incidence of several unusual microscopic changes in the study group, including 
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intra-alveolar fibrin exudate, alveolar hemorrhage, hyaline membrane formation, marked 

thickening of alveolar septa by edema and collagenization, and a diffuse hyperplasia of 

the alveolar lining cells. Upon further analysis they noted a positive correlation between 

length of PPV and oxygen concentration with the incidence of interstitial edema and 

pulmonary fibrosis in the study group. While these authors concluded that oxygen 

concentration was an important factor in the pathogenesis of these changes, they also 

noted that, “The possible role of physical factors such as the pattern of ventilation and 

high airway pressure must be considered, as well as a multitude of biochemical changes 

associated with both the disease and the treatment"(p. 372). 

Northway, Rosan, & Porter (1967) discovered similar histopathologic changes in 

the post-mortem lungs of 32 infants with severe RDS treated with PPV at PIPs of 20-40 

cm H2O and high concentrations of oxygen for over 24 hours. Those infants having 

received PPV with high concentrations of oxygen for over 150 hours were found to 

display the most severe changes which were also considered chronic in nature. Such 

changes had not been previously described and the term “bronchopulmonary displasia” 

(BPD) was introduced to describe this new syndrome of chronic lung disease. Again, the 

high concentration of oxygen was considered the primary etiologic factor in the 

pathogenesis but the author noted that, “The use of intermittent positive-pressure 

respirators and endotracheal intubation may also contribute to the pathologic state” (p. 

365). 

 The independent role of PPV in the development of lung histopathology has since 

been well documented. The specific changes associated with PPV have been extensively 
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described in the work of Tsuno et al (1991). Post-mortem light microscopic evaluation 

was performed on the lungs of baby pigs ventilated with PPV at a PIP of 40 cm H2O and 

elevated tidal volumes with an FIO2 of 0.40 for 48 hours. The histological changes 

incurred included interstitial congestion, alveolar hemorrhage, alveolar neutrophil 

infiltration, alveolar macrophage proliferation, alveolar type II pneumocyte proliferation, 

interstitial lymphocyte infiltration, interstitial thickening, hyaline membrane formation, 

interstitial fibrosis, and organization of alveolar exudate. No such changes were noted in 

the control group ventilated with a PIP less than 18 cm H2O and VT of 13cc/kg body 

weight over the same duration. The features of PPV that have been implicated in such 

lung injury include elevations of airway pressure and alveolar volume. 

 Elevations in PIP in various animal models including dogs (Parker et al, 1984), 

rats (Dreyfuss, Basset, Soler, & Saumon, 1985), and sheep (Kolobow et al., 1987), have 

been associated with an increase in pulmonary edema and pulmonary vascular 

permeability. The histological changes resulting in pulmonary permeability edema in 

some instances occurred at PIPs as low as 45 cm H2O after only five minutes (Dreyfuss, 

Basset, Soler, & Saumon, 1985). While the focus of data analysis in each of these studies 

was the effects of PIP on pulmonary histologic changes, the variations of PIP in the 

experimental groups were achieved by manipulating rate and VT. Consequently, all 

evaluations of PIP were accompanied by increases in VT, and thus conclusions regarding 

the independent roles of pressure and volume in the causal process of any histological 

changes were not possible. 



  

 30 
 
 

 

 Subsequently, the independent roles of airway pressure and alveolar volume in the 

development of lung injury during PPV became a primary focus. In several experimental 

animal models it has been shown that the previously reported histologic changes do not 

develop when elevations of PIP are unaccompanied by concomitant increases in alveolar 

volume (Carlton, Cummings, Scheerer, Poulain, & Bland, 1990; Dreyfuss, Soler, Basset, 

& Saumon, 1988; Hernandez, Peevy, Moise, & Parker, 1989; Tsuno, Prato, & Kolobow, 

1990). Further, these studies demonstrate that elevations of VT in the setting of low, and 

even negative airway pressures (Dreyfuss et al., 1988) produce the previously described 

histologic findings. In one study, however, the use of PEEP was found to afford some 

degree of protection from such permeability-induced changes (Dreyfuss et al., 1988). 

New Modes of Ventilation 

 In response to the body of evidence linking the traditional approach of mechanical 

ventilation to lung injury (VILI), newer modes of mechanical ventilation began to 

emerge. The initial impetus behind these modes was reduction in peak airway pressure 

and thus various techniques of pressure controlled ventilation gained popularity 

(MacIntyre, 1996b; Marini, 1994a; Marini, 1996; Sessler, 1998). The two pressure modes 

include pressure controlled ventilation and inverse ratio pressure controlled ventilation. 

 Pressure controlled ventilation (PCV) involves the delivery of pressure-limited 

breaths with a decelerating flow profile (McKibben & Ravenscraft, 1996). Maximal 

airway pressure (i.e. PIP), frequency, and inspiratory time (set as an absolute time or I:E) 

are controlled by the clinician (McKibben & Ravenscraft, 1996). Since the clinician can 

put a limit on the magnitude of airway pressure, PCV offers the theoretical advantage of 
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reducing the risk of VILI (Rappaport et al., 1994). VT is determined by the interaction 

between inspiratory time, inspiratory resistance, lung compliance, and auto-PEEP rather 

than being directly controlled by ventilator settings (McKibben & Ravenscraft, 1996).  

 Pressure controlled inverse ratio ventilation (PCIRV) involves the delivery of 

pressure limited breaths with decelerating flow rates at an I:E greater than 1:1 (Briones, 

1991; Marcy & Marini, 1991). As with PCV, maximal airway pressure, frequency, and 

inspiratory time are directly controlled by ventilator settings and VT is influenced by the 

same factors noted previously. The prolongation of the inspiratory time in PCIRV results 

in an I:E greater than 1:1, permitting inflation at a lower mean inspiratory flow than with 

other modes which permits a reduction of PIP for a given VT (Hubmayr et al., 1990). 

While the prolongation of inspiratory time to inverse the I:E permits a lower PIP, Maw 

increases and dynamic hyperinflation ensues with the subsequent development of auto-

PEEP (MacIntyre, 1996). This increase in Maw and auto-PEEP are believed to be the 

primary mechanisms through which PCIRV enhances gas exchange (East, 1993; 

Hubmayr et al., 1990; MacIntyre, 1996).  

 Speculation with regard to the advantages of PCIRV in ARDS was based on 

reports of the success of this mode in the management of RDS in neonates. As early as 

1971, Reynolds (1974) demonstrated a significant increase in PaO2 and a decrease in 

intrapulmonary shunt in six neonates with RDS when placed on PCIRV.  Manginello, 

Grassi, Schechner, Krauss, & Auld (1978) were able to show similar improvements in a 

group of 10 neonates randomly assigned to PCIRV when compared to the control group 

(n=10) receiving CVV. Based largely on Reynold’s early study, the general management 
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of neonates with RDS changed dramatically and PCIRV became the standard of care for 

neonates in some institutions. In a retrospective comparison of patient data from the three 

year period prior to and immediately following this change, Reynolds (1974) reported an 

increase in the survival rate of infants receiving mechanical ventilation for RDS from 

11% to 49% (p<0.10), and a decrease in the incidence of death with BPD from 49% to 

21% (p<0.10). 

 Comparison studies have since been conducted in adults to ascertain whether or 

not the pressure-controlled modes (PCIRV and PCV) would offer any advantage over 

conventional volume ventilation (CVV). While some have shown greater improvement in 

oxygenation indices with the pressure-controlled modes (Abraham & Yoshihara, 1990; 

Lain et al., 1989; Tharratt, Allen, & Albertson, 1988), other studies have yielded 

conflicting findings (East, 1993; Lessard, Guerot, Lorino, Lemaire, & Brochard, 1994; 

Lichtwarck-Ashoff, Nielsen, Sjostrand, & Edgren, 1992; Markstrom, Lichtwarck-

Aschoff, Svensson, Nordgren, & Sjostrand, 1996). The major focus of these comparative 

studies has been on improvement in gas exchange rather than measuring any adverse 

effects. The evidence gleaned from the few studies that have attempted to compare the 

morbidity associated with these ventilatory strategies is inconsistent at best (Abraham & 

Yoshihara, 1990; East et al., 1992; Lessard et al., 1994; Poelaert, Vogelaers, & Colardyn, 

1991; Rappaport et al., 1994).  

 McKibben & Ravenscraft (1996) concluded that, “No studies with good control 

for I:E ratio, Maw, and total PEEP therefore show an unambiguous advantage for VCV or 

PCV” (p. 408). Failure to demonstrate a clear advantage of these newer pressure 
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controlled modes of ventilation over the traditional volume controlled mode has been 

attributed to the similarity in volumes delivered among the various modes in these studies 

(Marini, 1996). According to MacIntyre (1996), the advantage of reduced peak airway 

pressure achieved with pressure controlled ventilation is negated when the preset 

pressures are manipulated to achieve the same supraphysiologic VTs traditionally 

delivered with CVV. This is congruent with the previously described research which 

established the role of volume in the development of VILI (Caldwell et al., 1970; Carlton 

et al., 1990; Dreyfuss et al., 1988; Hernandez et al., 1989; Rouby et al., 1993; Tsuno et 

al., 1990).  

Lung Protective Philosophy 

The response by many clinicians to such evidence suggesting that limitation of 

pressure alone is not sufficient to protect the ARDS lung from overdistention has been 

the adoption of the lung protective philosophy (Hickling, 1990; Hickling, Walsh, 

Henderson, & Jackson, 1994; Lee, Helsmoortel, Cohn, & Frank, 1990). Key tenets of this 

philosophy include placing limits on both lung volumes and pressures, and reliance on 

airway pressure and volume parameters to guide ventilation instead of restoration of 

normal blood gas parameters (Marini, 1996).  This philosophy also involves the tolerance 

of blood gas parameters previously considered inadequate and unacceptable and is often 

referred to as “Permissive Hypercapnic Ventilation” (Pesenti, 1990; Tuxen, 1994). The 

American European Consensus Conference on Mechanical Ventilation supported this 

philosophy for patients at risk for alveolar overdistention and recommended that peak 

alveolar pressure be kept below 35 cm H2O or that maximal transalveolar pressure be 
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kept below 30-35 cm H20 (Slutsky, 1993). Since direct measurement of these parameters 

has not been feasible at the bedside, plateau pressure (Pplat) has become the accepted 

surrogate measure with a value of 30-35 cm H2O as the targeted upper limit (Brochard et 

al., 1998; Slutsky, 1994). Following is a review of the evidence regarding the efficacy of 

this philosophy in the ventilation of patients with ARDS. 

Hickling, Henderson, & Jackson (1990) began incorporating the lung protective 

philosophy in 1984 and subsequently noted a decline in mortality from progressive 

respiratory failure in patients with ARDS. A retrospective evaluation of the 50 patients 

with severe ARDS treated from 1987 to 1989 was completed to determine the 

significance of this decline. During the study period, patients with ARDS were ventilated 

with PIPs less than 30 cm H2O when possible and always less than 40 cm H2O using 

synchronized intermittent mandatory ventilation (SIMV). The method used to maintain 

the PIP within the targeted parameters was reduction of VT to as low as 5cc/kg of body 

weight. No specific treatment was provided for respiratory acidosis even with a pH as 

low as 7.02. Actual hospital mortality was 40% less than that predicted by APACHE II 

(p<0.001) and only one death was considered to result from progressive respiratory 

failure.  

These same researchers (Hickling et al., 1994) subsequently followed up with a 

prospective descriptive study to evaluate outcomes of patients with ARDS managed with 

this same philosophy. In this study, 53 patients with severe ARDS in 1992 were 

ventilated with SIMV and managed with limitation of PIP to 30-40 cm H2O and 

limitation of VT to 4-7 cc/kg body weight. Hypercapnia was permitted without the use of 
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bicarbonate to buffer acidosis. PEEP was used as required to maintain oxygen saturation 

greater than 90% with an FIO2 less than or equal to 0.60. The authors reported accepting 

saturation levels between 80 and 90% rather than increase the FIO2 beyond 0.60 in 

hemodynamically stable patients. Similar to their retrospective study, they found that 

actual hospital mortality was less than half that predicted by the APACHE II (p = 0.004).  

The results of the prospective randomized trials comparing this new philosophy to 

the traditional approach have been inconsistent. A potential source of this inconsistency 

is the lack of consensus on acceptable pressure and volume parameters as well as the 

appropriate use of PEEP and treatment for respiratory acidosis (Ware & Matthay, 2000). 

In three randomized trials (sample sizes of 116, 120, and 52 respectively) in which the 

VT for the experimental group ranged from 6-10 cc/kg (control group range of 10-15), no 

differences in hospital mortality were demonstrated (Brochard et al., 1998; Brower et al., 

1999; Stewart et al., 1998). In two of these studies, the Pplat of patients in the control 

group never exceeded 35 cm H2O (Brochard et al., 1998; Brower et al., 1999). While Pplat 

was not measured in the third study, the PIP in both the experimental and control groups 

was less than 40 cm H2O (Stewart et al., 1998). It has been speculated that such pressures 

in the control group were sufficient to prevent alveolar overdistention (Brochard et al., 

1998; Brower et al., 1999; Stewart et al., 1998). 

In two studies (sample sizes of 53 and 861 respectively) in which the VT in the 

experimental group was less than or equal to 6cc/kg, the experimental group was found to 

have lower mortality (p<0.001, p<0.007) (Amato et al., 1998; ARDS Network, 2000. 

While a third study (n=28) did not show a difference in mortality between the lung 
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protective and control groups, it did demonstrate a higher weaning rate for the lung 

protective group (p = 0.014) (Amato et al., 1995). In both of the studies by Amato and 

colleagues (Amato et al., 1998; Amato et al., 1995), PEEP was set and maintained at 2 

cm H20 above the lower inflection point on the static pressure-volume curve. In the 

ARDS Network study (2000), PEEP and FIO2 were adjusted to maintain a PaO2 of 55-80 

mm Hg or an oxyhemoglobin saturation measured by pulse oximetry (SpO2) of 88-95% 

using predetermined allowable combinations.  

Interestingly, interim analyses by an independent data and safety monitoring 

board was incorporated into the ARDS Network study (2000) after enrollment of each 

successive group of 200 patients. Stopping boundaries with a two tailed alpha of 0.05 

were established to allow early termination of the study if the use of lower VT was found 

to be either efficacious or ineffective. Based on these parameters, this trial was stopped 

after the fourth interim analysis when lower VT was determined to be efficacious (p = 

0.005 for the difference in mortality between groups; p = 0.023 for the stopping 

boundary).  

Based on the evidence supporting the safety and efficacy of the lung protective 

philosophy in treatment of patients with ARDS, it is likely that its use will continue to 

extend beyond the boundaries of clinical trials. In this context, a closer look at the 

requirements for application of this philosophy in clinical practice is prudent. In both 

descriptive and controlled studies on this approach, ventilator settings were adjusted 

based on a specific protocol (Amato et al., 1998; Amato et al., 1995; ARDS Network, 

2000; Brochard et al., 1998; Brower et al., 1999; Hickling et al., 1990; Hickling et al., 
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1994; Stewart et al., 1998). Airway pressures and volumes were said to be titrated in 

response to changes in physiologic parameters such as PIP, Pplat, PaO2, SaO2, SpO2, pH, 

and hemodynamic status. This requires that such parameters be measured, interpreted, 

and, when indicated, reported to the provider responsible for adjusting ventilator control 

settings.  

These activities are commonly known as monitoring and are frequently the 

responsibility of the nursing staff. Monitoring is thus an integral component of 

mechanical ventilation, particularly within the lung protective philosophy. Measurement 

of mechanical ventilation as a process of care should capture monitoring activities. If 

such activities can be captured, the nursing contribution to this multidisciplinary 

intervention can be better quantified. Following is a review of monitoring as a process of 

care. 

Monitoring As An Intervention 

 Monitoring is a term widely used in the health care-related literature, particularly 

in association with the care of acute and critically ill patients. It has been said that 

intensive care units are, in effect, intensive monitoring units (Lumb, 1988). Carpinito 

(1997) further asserts that monitoring is associated with every type of nursing diagnosis 

and collaborative problem. Several definitions of monitoring appear in the literature. 

According to Webster’s Unabridged Dictionary (1993) the term “monitor” comes from 

the Latin word monere meaning “to warn”. The term is defined as, “… to watch, observe, 

or check especially for a special purpose” (p.1460). The International Dictionary of 

Medicine and Biology (1986) describes monitoring as “The maintenance of close and 
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sometimes continuous supervision, especially over patients considered at risk, often 

utilizing electronic equipment to monitor vital functions” (p.1795). In the Encyclopedia 

of Medical Devices and Instrumentation (1988), monitoring is said to be “repeated or 

continuous observations or measurements of the patient, his or her physiological status, 

and the functions of life-support equipment for the purpose of guiding management 

decisions, including when to make therapeutic interventions and assessments of those 

interventions” (p.1950). 

It is clear from the literature that monitoring involves data collection (Blitt, 1995; 

Bolney & Gaba, 1995). The specific purposes of data collection include to warn 

appropriately in order to initiate proactive therapeutic interventions and avoid undesirable 

outcomes (Benis, Fitzkee, Jurado, & Litwak, 1980; Blitt, 1995; Gilbert & Vendor, 1995; 

Shoemaker, 1996), and also to identify when therapeutic treatment endpoints have been 

reached (Beilman & Cerra, 1996). In this context, monitoring is also said to be a task of 

information processing resulting in a judgement or interpretation of the relationship 

between data collected and other events (Bolney & Gaba, 1995; Pierson, 1990). Such 

data processing involves analysis of the data collected to identify patterns or changes 

(Carpinito, 1997; Durbin, 1990; Durbin, 1994; Shoemaker, 1996; Sykes, Vickers, & Hull, 

1991). Subsequently an interpretation is made as to whether or not some other event is 

likely to follow. This has implications in regard to the frequency of data collection since 

patterns or changes cannot be detected with a single measurement or observation.  

Monitoring can thus be defined as the process of analyzing and interpreting data 

acquired by serial or continuous observation and/or measurement to detect a change or 



  

 39 
 
 

 

pattern in some variable, the nature of which is believed to be indicative of some other 

event that might benefit from action. Interestingly, this closely approximates the 

definition of the nursing intervention Surveillance described by Dougherty & Molen 

(1985). They defined surveillance as, “the application of behavioral and cognitive 

processes in the systematic collection of information used to make judgements and 

predictions about a person’s life status” (p. 310). They further contend that, “knowing 

when to look, what to look for, and why to look, are basic characteristics of Surveillance” 

(p. 302), and that “successful integration of the data, and predictions and action from this 

information, are the goals of Surveillance” (p. 306). In this context, monitoring could be 

considered interchangeable with Surveillance and thus considered a legitimate nursing 

intervention for acute and critically ill patients.  

Monitoring and Mechanical Ventilation 

 Patient-ventilator monitoring is considered vital during mechanical ventilation 

due to the potential for rapid and unpredictable changes in a patient’s condition resulting 

from the underlying illness, treatment modalities, and/or ventilator function (Chang, 

1997; Tobin & Graaf, 1994). Specifically, the purpose of monitoring in this patient 

population is fourfold: establishment of baseline measurements from which the initial 

treatment plan is derived; identification of trends indicative of improvement or 

deterioration; guiding decisions to add, alter, or discontinue treatment plans; and, 

determination of appropriate ventilator alarm limits to safeguard a patient’s safety 

(Chang, 1997).  
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Both the Society of Critical Care Medicine (SCCM, 1991) and the American 

Association for Respiratory Care (AARC, 1992) have issued guidelines for monitoring 

patients receiving mechanical ventilation. In these guidelines, monitoring parameters 

such as airway pressures and volumes, respiratory mechanics, inspired oxygen, I:E, and 

respiratory rate are considered essential in the care of patients receiving mechanical 

ventilation. Such guidelines and other texts also advocate monitoring of vital signs, 

hemodynamics, arterial blood gases, fluid and electrolyte balance, breath sounds, oxygen 

saturation, end-tidal carbon dioxide, and endotracheal tube cuff pressures (1992; Chang, 

1997; Pilbeam, 1998; Slutsky, 1994; SCCM, 1991).  

While the literature is replete with information pertaining to the parameters 

important to monitor for patients receiving mechanical ventilation, there is little 

information with regard to the recommended frequency of data collection and 

documentation (AARC, 1992; Branson, 1995; Chang, 1997; Pilbeam, 1998; Slutsky, 

1994; SCCM, 1991). In the respiratory therapy literature, evaluation of the patient-

ventilator system is known as a “vent check” and is defined as, “the documented 

evaluation of a mechanical ventilator and of the patient’s response to mechanical 

ventilatory support” (Branson, 1995), p. 132). Branson (1995) suggests that the frequency 

of patient-ventilator system checks should be guided by the severity of a patient’s 

condition. The AARC suggests that such checks be done after any change in ventilator 

settings, whenever ventilator performance is in question, and as soon as possible after an 

acute deterioration of the patient’s condition (AARC, 1992). The AARC guidelines also 
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suggest that the minimum time between patient-ventilator system checks not exceed six 

hours (1992). 

The SCCM Guidelines for Standards of Care for Patients with Acute Respiratory 

Failure on Mechanical Ventilatory Support (SCCM, 1991) reflect minimum standards for 

monitoring patients. These guidelines suggest that vital signs be measured and recorded 

every hour until the patient is stable. They further suggest that variables relating to 

oxygen delivery and the proper functioning of the ventilator be measured and recorded 

not less than every four hours, while intake and output variables be measured and 

recorded not less than every eight hours. The guidelines suggest that the intervals of 

measurement for other patient variables (e.g. arterial blood gases, nutritional support, 

endotracheal cuff pressures, patient weight, chest radiographs) should be determined by 

individual clinical circumstances.  

The American Association of Critical Care Nurses (AACN) Procedure Manual for 

Critical Care (Lynn-McHale & Carlson, 2001) identifies monitoring as an essential 

nursing activity for ventilatory management. Recommendations for specific variables to 

be measured as well as interventions for abnormal findings and reportable conditions are 

included. Interestingly however, the frequency of measurement and documentation for 

these variables is not addressed. Mims, Toto, Luecke, and Roberts (1996) also provide 

recommendations for specific variables to be measured and suggest that nurses caring for 

patients receiving mechanical ventilation should assess the patient-ventilator system not 

less than every four hours. 
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Outcomes of Care 

Traditional outcome measures in health care have been commonly referred to as 

the “five Ds” and include death, disease, disability, discomfort, and dissatisfaction (Lohr, 

1988). Critics of such traditional measures have suggested that they reflect a rather 

limited definition of health (as the absence of disease) and that they are couched as 

negatives. The movement toward a broader definition of health has resulted in the 

appearance of such concepts as quality of life, health -related quality of life, health status, 

functional status, and well-being as outcome measures with increasing frequency. 

Additionally, in this age of cost containment, financial cost as an outcome measure for 

health services has also become more prominent. Most outcome models today advocate a 

range of measures including some or all of those listed above (Houston, 1996; Irvine et 

al., 1998; Mitchell, Ferketich, & Jennings, 1998; Tarlov et al., 1989).  

While there may be some consensus regarding the need for a range of measures 

representing the multiple dimensions of health in an outcomes model, there are many 

other measurement-related issues that affect the way a model is operationalized to a 

specific clinical situation. Based on such considerations, the desirability and usefulness of 

a specific measure may change depending on the clinical context to which a model is 

applied. Sensitivity and timing are two such issues that must be considered. The 

sensitivity of a measure refers to it’s capacity to detect the changes expected to occur in 

response to an intervention (Stewart & Archbald, 1992; Strickland, 1997). An outcome 

measure, then, is useful to the extent that it can detect changes resulting from the 

processes of care. The timing of outcome measures in relation to their antecedent 
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processes affects sensitivity. According to Strickland (1997), measures are ideally taken 

at a time when the intervention is most likely to have a measurable effect. Given that 

health care occurs over a continuum with different processes being involved at different 

points along that continuum, multiple outcome measures are advocated (Strickland, 

1997). Short term or intermediate outcomes, particularly biologic outcomes, may serve as 

predictive precursors to other long term outcomes. Thus the inclusion of short term, 

intermediate, and long term outcomes is also advocated for outcome management models 

(Maas & Head, 1998; Strickland, 1997). Regarding decisions about the selection of 

relevant outcomes, Strickland reminds us that they should be based on “... a thorough 

understanding of the health care condition and it’s biologic outcomes and the expected 

points of impact of the intervention or program under study” (p. 503).   

 The identification of outcomes most useful for the ARDS population is still in its 

infancy. While measures of patient satisfaction, functional status, and quality of life are 

becoming more commonly used, clinical outcomes are the predominant end-points cited 

for ARDS and other critical illnesses (Amato et al., 1998; Bach, Carson, & Leff, 1998; 

Burns, 1998; Goldhill & Sumner, 1998). Clinically relevant outcomes are identified as 

especially useful in the evaluation of mechanical ventilation as a process of care. 

According to (Dellinger, 1995), “Beneficial effects of innovative mechanical ventilation 

therapy are expected to be exerted through improvements in the physiologic status of the 

patient” (p. 976). In this context, the proposed study will focus on clinically relevant 

outcome variables. Following is a review of the clinical outcome variables potentially 

relevant to the study of people with ARDS. 
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Compliance with Lung Protective Parameters 

 As described previously, implementation of the lung protective philosophy as a 

process of care involves the ongoing titration of ventilator control settings to achieve 

targeted physiologic parameters (Amato et al., 1998; Amato et al., 1995; ARDS Network, 

2000; Hickling et al., 1990; Hickling et al., 1994). During the time that such parameters 

are maintained, some degree of protection against lung injury is afforded. However, 

during the time that the parameters are not maintained, such protection is lost. In this 

setting, the degree of lung protection can be thought of as a function of the amount of 

time during which the targeted airway pressures and volumes are maintained. Strict 

protocols are frequently used to guide the titration of ventilator control settings in 

response to physiologic parameters outside the targeted range. Following is a review of 

what is known regarding the success rate in maintaining targeted parameters during this 

ventilatory technique. 

 Of the eight previously discussed studies involving application of the lung 

protective philosophy, three of them (Amato et al., 1998; Amato et al., 1995; Hickling et 

al., 1990; Hickling et al., 1994) provide no information relative to the frequency of 

measurement or documentation of lung pressures and volumes. Nor do they describe 

information relative to the frequency with which ventilator settings were manipulated or 

degree of compliance with the treatment protocols. Three other studies (Amato et al., 

1995; ARDS Network, 2000; Stewart et al., 1998) gave some information relative to the 

frequency of data measurement and/or documentation but no information regarding 

compliance with the research protocol. In the study by Amato and colleagues (1995), the 
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physiologic variables pertinent to the protocol were recorded on case reports at thirty 

minutes, eight, sixteen, and twenty four hours after initiation of the protocol, and then 

every day until the patients expired or were extubated. While no information was 

provided as to the frequency with which these variables were actually measured, the 

authors did report that when frequent measures were required during the day, an average 

was used as a representative value. They reported that protocol compliance was 

monitored daily, however no information was provided as to the degree of compliance 

that was achieved. 

 In the study by Stewart and colleagues (1998), ventilatory, hemodynamic, and 

oxygenation variables were recorded every eight hours following initiation of the 

protocol. Again, when numerous measurements had been made, mean values were 

recorded for study purposes. In the ARDS Network study (2000) the mean values of 

measurements taken between the hours of six and ten a.m. were recorded for study 

purposes on days one, two, three, four, seven, fourteen, twenty-one, and twenty-eight. 

Again, there was no information provided as to the frequency with which physiologic 

parameters were actually measured nor how frequently ventilator control settings were 

manipulated. The authors did report, however, that randomly selected ventilator and 

arterial blood gas measurements were analyzed for compatibility with the lung protective 

protocol. The results of this analysis were not described.  

Only two studies included information relative to the degree of compliance with 

the lung protective parameters(Brochard et al., 1998; Brower et al., 1999). Brochard and 

colleagues (1998) reported that the case report forms for the treatment group were 
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reviewed for compatibility with the lung protective protocol. They noted a 97% 

compliance with targeted VT parameters, 90% compliance with the Pplat goal of 30 cm 

H2O, and a 59% compliance with the Pplat goal of 25 cm H2O. According to the authors, 

failure to meet targeted parameters was due to safety limits imposed by the protocol 

rather than by clinician error. No information was provided as to the actual frequency of 

measurement for the variables.  

Brower and colleagues (1999) provided the most complete information regarding 

frequency of measurement and protocol compliance. They report that measurements of 

Pplat were required a minimum of twice daily and immediately following each change in 

VT or PEEP.  When pulse oximetry was in use, SpO2 was recorded not less than every 

hour and PaO2 was measured when clinically indicated. Mean values of physiologic 

variables were recorded daily for frequently measured variables (e.g. FIO2 and 

oxygenation indices). Compliance with the treatment protocol was assessed by 

retrospective review of clinical records. For each patient, two dates and times during 

treatment with the lung protective protocol were randomly generated by a computer. At 

each of these times the most recently recorded values of Pplat, PaO2, SpO2, PCO2, mode, 

VT, PEEP, and FIO2 were assessed for compatibility with the protocol. A compliance of 

95% or greater was noted for the variables VT, PEEP, FIO2 and mode. A compliance of 

96-100% was reported for Pplat, while a compliance of only 69-87% was reported for the 

remaining variables. Interestingly, there was no mention of the length of time during 

which targeted parameters were unmet in any of the studies for which compliance was 

assessed.  
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These studies provide evidence that mechanical ventilation as a process of care is 

not a binary variable. Due to the very dynamic nature of this therapeutic intervention, 

lung protective protocols are not merely present or absent, but rather are present in 

varying degrees. Theoretically, clinicians contribute to this variability through the 

intensity with which physiologic parameters are monitored and ventilator settings 

manipulated. In this context, compliance with lung protective parameters can thus be 

conceptualized as a short term outcome of care when attempting to ventilate patients with 

a lung protective philosophy. Given the role of nurses in monitoring and reporting the 

physiologic variables of interest, this outcome may prove to be especially sensitive to the 

contribution of nursing to the care of patients ventilated with this philosophy. 

Compliance with lung protective parameters were thus incorporated as an outcome 

variable for this proposed study.  

Mortality 

 The attractiveness of mortality as an outcome measure stems from the fact that it 

is easily defined, consistently recorded, readily available, and unambiguous (Curtis, 

1998; DesHarnais, Chesney, Wroblewski, Fleming, & McMahon, 1988). Further, death is 

considered an outcome of interest to patients since they experience it directly (Curtis, 

1998; Iezzoni & Greenberg, 1994). With respect to the evaluation of mechanical 

ventilation of as a process of care, Dillinger (1995) acknowledges that, “A predetermined 

degree of change in mortality is the ultimate end point that is generally accepted by all, if 

it is proven to have statistical significance” (p. 976).  
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Despite such qualities, however, many are skeptical of its usefulness. Most  

criticisms stem from the fact that it is a binary endpoint and a relatively rare occurrence 

in most patient populations (DesHarnais et al., 1988; Fuhrman, Abraham, & Dellinger, 

1999; Lohr, 1988). These traits detract from its sensitivity as a performance indicator and 

require extremely large sample sizes to detect variation (Hofer & Hayward, 1996; 

Randolph, Guyatt, Calvin, Doig, & Richardson, 1998). However, according to Curtis 

(1998), “Mortality is, in most situations, the most important outcome for critical care 

research because the mortality of critically ill patients is high and the general goal of 

most critical care therapy is to allow patients to survive a critical illness or injury” (p. 26).  

This sentiment is evident in the literature on ARDS with mortality being 

historically used as a basis for comparison of efficacy among modes of ventilation 

(Abraham & Yoshihara, 1990; East et al., 1992; Lain et al., 1989; Lessard et al., 1994; 

Lichtwarck-Ashoff et al., 1992; Markstrom et al., 1996; Tharratt et al., 1988). 

Interpreting variations in mortality for ARDS, however, can be problematic. Death in 

ARDS may result from a multitude of pathways, including respiratory failure, underlying 

disease processes (such as sepsis or trauma), and the subsequent failure of other organs 

(Fuhrman et al., 1999; McIntyre, Pulido, Bensard, Shames, & Abraham, 2000; 

Montgomery, Stager, Carrico, & Hudson, 1985). According to Hickling and colleagues 

(1990), relatively few ARDS patients (10-20%) die from respiratory failure. 

Consequently, the usefulness of mortality as an endpoint in evaluating ARDS therapies, 

especially ventilatory techniques, is being questioned (Dellinger, 1995; Hudson, 1999; 

McIntyre et al., 2000). According to Dellinger (1995), “the proof of clinical utility by 
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evaluation of mortality in patient populations in which the lung is one of several involved 

organ systems is problematic” (p. 976). Based on the mechanism of action of mechanical 

ventilation, this therapy is believed to have a stronger impact on mortality from 

respiratory failure than on other causes of death (Dellinger, 1995; Hickling, 1990). The 

effects of mechanical ventilation on non-pulmonary causes of death are less direct and 

are believed to be achieved by way of improving lung function in time to minimize the 

failure of other organ systems resulting from hypoxemia or prolonged mechanical 

ventilation (Dellinger, 1995; Hickling, 1990). Consequently, large sample sizes are 

necessary to detect the effect of ventilatory techniques on mortality in ARDS (Dellinger, 

1995).  

Mortality may thus be too crude a measure of outcome and other surrogate 

measures may prove more useful (McIntyre et al., 2000). The American-European 

Consensus Conference on ARDS recommends that for pilot studies performed to gain 

information rather than prove efficacy, physiological and/or biochemical end points 

should be employed (Bernard et al., 1994). According to Dellinger (1995), morbidity end 

points may be used as surrogates for mortality in situations in which the morbidity end 

point is proven or generally accepted to be linked to mortality, cost savings, quality of 

life or decreased suffering. Commonly recommended surrogate end points in mechanical 

ventilation for respiratory failure include more short term measures such as improved 

pulmonary physiology, duration of mechanical ventilation, ICU length of stay, and 

hospital length of stay (Dellinger, 1995; McIntyre et al., 2000). 
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While mortality may be an important long term outcome in ARDS, short term 

measures may be more sensitive indicators of the intervention of interest. Such measures 

have been included in most of the studies regarding the effects the lung protective 

philosophy (Amato et al., 1998; Amato et al., 1995; ARDS Network, 2000; Brochard et 

al., 1998; Brower et al., 1999;  Stewart et al., 1998).  For the purposes of this study, the 

focus was on short come outcomes reflecting improved pulmonary physiology and 

reduced morbidity. 

Adverse Events 

 In a landmark report issued by the Institute of Medicine (IOM, 1999) the 

incidence of death from medical error among hospitalized patients was estimated to range 

from 44,000 to 98,000 annually. This report, based on a review of research sponsored by 

many agencies including the Agency for Health Care Research & Quality (AHRQ), 

concluded that many of the errors were preventable, and resulted from system problems 

rather than poor provider performance. The IOM called for a national focus on medical 

errors with a targeted effort to reduce such errors by 50% over five years.  As a result of 

the shocking results of this report and the call for national attention, President Clinton 

directed the Quality Interagency Coordination Task Force (QuIC) to evaluate and 

respond to the recommendations of the IOM (QuIC, 2000). This response included 

national funding for the Center for Patient Safety within the Agency for Healthcare 

Research and Quality (QuIC, 2000). The development of a research agenda for patient 

safety was a primary goal set for this Center of Excellence, along with the evaluation of 

methods for identifying and preventing errors (QuIC, 2000). In the context of outcomes 
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research and quality assessment, medical errors, or adverse events, represent negative 

outcomes of care that warrant further study. Following is a general overview of what is 

known about adverse events as negative outcomes of care.  

According to Ryan (1993), “It is clear that admission to a hospital is associated 

with some risk unrelated to the underlying pathological process, but induced during the 

course of treatment” (p. 210). This risk is due to unintended events that occur during the 

course of treatment. They are, in effect, unintended outcomes of the processes of care and 

are manifest in a variety of presentations. Though unintentional, such events are not 

always the result of error nor are they always preventable. Likewise, such events do not 

always result in patient harm or disability. These risk events have been described in the 

literature under a variety of labels including adverse events, adverse occurrences, 

iatrogenic complications, incidents, and medical errors, depending on the nature and 

severity of presentation. Unfortunately, universal definitions of these terms have yet to 

emerge and, consequently, they are applied inconsistently in the literature.   

Adverse events have been recognized as a significant cause of morbidity and 

mortality for over three decades (Leape, Lawthers, Brennan, & Johnson, 1993), and have 

been advocated as markers of the quality of the processes of care.  According to Brailer 

(1996), “Complication measurement holds out the promise of being more sensitive to 

variations in patient care because complications occur more frequently than do 

mortalities, and because complications are more direct consequences of the processes of 

care” (p. 490). As previously discussed, morbidity end points have been advocated as 
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acceptable surrogate measures for mortality in the assessment of mechanical ventilation 

innovations (Dellinger, 1995). 

The literature pertaining to adverse events consists primarily of descriptive studies 

designed to identify the incidence and nature of these events, studies to identify and 

describe causative factors, and studies designed to test for relationships between selected 

adverse events and various structures and processes of care. Following is a review of this 

literature as it pertains to acutely ill hospitalized patients. 

 Using a descriptive design to determine the nature of adverse events in intensive 

care, (Abramson, Wald, Grenvik, Robinson, & Snyder, 1980) retrospectively reviewed 

incident reports from a single ICU during the years 1974 through 1978. The review 

included 145 incident reports involving 139 different patients. The reports were analyzed 

by the investigators for cause, outcome, chronological trends, and repetitive patterns. For 

the last year, they also retrospectively estimated the adequacy of nurse staffing based on 

the number of patients, the number of nurses available, patient acuity, and nurse 

experience. 

 Ninety-two (63%) of the incidents were classified as human errors and the other 

53 (37%) as equipment malfunction. Of the human errors, 23 involved misuse of 

respiratory equipment, 21 involved medications, 20 involved misuse of cardiovascular 

equipment, 13 involved communication errors, 8 involved a shortage of nurses, and 7 

involved the administration of intravenous fluids. Nurse staffing was estimated to be sub-

optimal on 90 days in 1978. Of the 34 incidents reported during this year, 65% occurred 

on one of these days. The chronological analysis revealed a clustering of incident reports 
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(25%) during the months of July and August suggesting an association with the annual 

influx of new staff. Seventy-two percent of these incidents involved human error. 

Tabulation of incidents by hour revealed a statistically significant peak (p<0.05) between 

midnight and 0100 hours, which coincided with a nursing shift change. 

 Interestingly, in addition to the 23 human errors involving respiratory equipment, 

57 (59%) of the equipment malfunction incidents also involved respiratory equipment. 

The three types of equipment most often involved in an incident were mechanical 

ventilators, ventilator tubing, and ventilator alarms. While only 25 (17%) incidents 

occurred when the patient was unattended, these incidents resulted in harm 72% of the 

time. The investigators thus concluded that “This more frequent occurrence of harm 

further reinforces the perhaps obvious statement that alarms and other mechanical safety 

features do not obviate the constant attendance of well-trained personnel” (p. 1584). 

 The Harvard Medical Practice Study was designed to develop more current and 

reliable estimates of the incidence of adverse events and negligence in hospitalized 

patients (Brennan et al., 1991). In this study, an adverse event was defined as an injury 

caused by medical management (as opposed to the underlying disease) that prolonged the 

hospitalization, and/or produced a disability at the time of discharge. Negligence was 

defined as care falling below the community standard. Medical records from 30,195 

patients admitted to 51 randomly selected acute care non-psychiatric hospitals in the state 

of New York in 1984 were reviewed by medical-records analysts for evidence of adverse 

events. Following the initial review, the analysts identified 7743 records with potential 

adverse events. These records were then put through a second level review by a team of 
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two physicians. During this review the physicians identified a total of 1133 adverse 

events, 280 of which were judged to result from negligence. Based on these findings the 

investigators estimated the statewide rate of adverse events in hospitalized patients to be 

3.7% and rate of adverse events due to negligence to be 1%. Further, using a weighting 

procedure the investigators estimated that in New York in 1984, a total of 98,609 adverse 

events occurred.  

 The distribution of adverse events was also analyzed among different patient 

populations. The results of this analysis revealed that rates of adverse events increased 

strongly with increasing age (p<0.0001). The risk of adverse events was more than 

double for persons 65 or older compared to those 16-44 years of age. The rate of adverse 

events was also found to vary significantly among DRGs (p<0.001) with more than a 25-

fold difference between neonatal DRGs (0.6%) and vascular surgery DRGs (16.1%). 

According to the investigators, such differences suggest that elderly people are likely to 

have more complicated illnesses and require more complicated intervention, and, 

likewise, that there is great variation among specialties with regard to the inherent risk of 

procedures employed and severity of illness in the patients for whom care is provided. 

 In the Harvard Medical Practice Study II, the adverse events identified in the first 

study were further analyzed by two physician-reviewers independently with respect 

negligence, errors in management, and disability (Leape et al., 1991). The degree of 

disability was rated on a six-point scale. A three-point severity rating was employed for 

those events in which negligence was identified.  
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Events were considered errors in management if caused by a reasonably avoidable 

error due to mistake in performance or thought. Events involving errors in management 

were then classified as either operative or non-operative. Operative events included 

wound infection, technical complication, late complication, non-technical complication, 

and surgical failure. Non-operative event categories included drug related, diagnostic 

mishap, therapeutic mishap, procedure-related, fall, fracture, post-partum, anesthesia-

related, neonatal, and system. According to the authors, falls and system-related events 

represented errors more likely to be caused by nursing or support staff rather than 

physicians.  

Forty-eight percent of the adverse events resulted from surgical operations, with 

wound infections being the most frequent type of operative occurrence (29%). Drug 

complications accounted for 33% of the non-operative adverse events and was the most 

frequently identified event overall (accounting for 16% of all events). Falls and system 

errors combined accounted for 9% of the non-operative events and 4% of all events. 

Overall, 28% of the events were judged to be the result of negligence, including 17% of 

the operative events and 37% of the non-operative events.  

Thirteen percent of the wound infections (p<0.001), 36% of late operative 

complications (p<0.01), 18% of drug-related errors (p<0.01), 75% of diagnostic mishaps 

(p<0.001), and 77% of therapeutic mishaps (p<0.001) were judged the result of 

negligence and found to be statistically significant rates.  Most of the adverse events did 

not result in serious disability. The rates of serious injury for operative technical 

complications (12%) and drug-related errors (14%) were significantly lower than average 
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(p<0.001). However, the rate of serious disability for diagnostic mishaps (47%) was 

significantly higher than average (p<0.01) (Leape et al., 1991).  

The adverse events were also analyzed with respect to the location of occurrence. 

The operating room was the most frequent location (41%) followed by the patient’s room 

(27%). The emergency room, intensive care unit, and labor and delivery rooms followed 

at 3% each. All other locations combined accounted for only 5% of the adverse events. 

Finally, the adverse events were analyzed with respect to the type of error. Thirty-seven 

types of errors were identified and placed in the following categories: performance of 

procedure (697), errors in prevention (397), diagnostic errors (265), drug treatment (153), 

and system errors (68). Technical errors were most common (559) followed by failure to 

take precautions to prevent accidental injury (178). The authors concluded that many 

factors increase the risk of having an adverse event during hospitalization including the 

complexity of the disease or treatment, age, and location of treatment. 

Following the Harvard Medical Study II, a third analysis of the 1133 identified 

adverse events was completed to determine which events were preventable(Leape et al., 

1993). Two physicians reviewed the study records of all adverse events identified in the 

Harvard Medical Practice Study and classified each as preventable, unpreventable, or 

potentially preventable. Events were classified as preventable if it resulted from an 

identified error. Such errors included negligent, non-negligent, and failure to follow 

accepted practices. Unpreventable events included those resulting from a complication 

that could not be prevented based on the current state of knowledge. This included both 

predictable and unpredictable complications. Events were classified as potentially 
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preventable if no error was identified, but it is widely recognized that a high incidence of 

this type of complication reflects low standards of care or technical expertise.  

The analysis revealed that 70% of the adverse events were preventable and 

another 6% were potentially preventable. No age differences were noted across the 

categories. The most common types of preventable errors were technical errors (44%), 

errors in diagnosis (17%), failures of prevention (12%), and errors in drug treatment 

(10%). One-half of the preventable errors involved negligence and 72% of the preventive 

errors involved falls.  

The authors extrapolated their statewide data to provide national estimates of 

adverse event rates. Their estimates suggest that in 1984, approximately 1,347,000 

hospitalized patients in the United States suffered iatrogenic injury. They further suggest 

that of these events, 938,000 were preventable and that the national cost for the nation 

was approximately $10.1 billion (Leape et al., 1993). 

Next, Leape et al (1995) collected data prospectively on all admissions to 11 

medical and surgical units in two tertiary care hospitals over six months to identify and 

evaluate the systems failures that underlie errors causing adverse events (ADEs) and 

potential ADEs. The 11 units included three surgical ICUs, two medical ICUs, four 

general medical units and two general surgical units. Trained nurse investigators visited 

each unit daily to solicit voluntary reports from staff regarding ADEs and potential 

ADEs. In addition the nurses reviewed all patient medical records daily to identify all 

ADEs and potential ADEs for further analysis.  
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The investigation consisted of structured interview of all parties with knowledge 

of the incident by a peer case investigator (nurse by nurse, physician by physician, etc.). 

Respondents were assured the information provided would be confidential and not used 

in any disciplinary procedures/actions. All data were recorded without names of 

respondents and identifiable patient information was removed from the study records. 

Following data collection, each incident was classified independently by two physicians 

as either preventable or not preventable, and, if due to an error, the type of error. The 

results of the investigations were analyzed biweekly. First, each event was classified as a 

failure in one of the four sequential stages in the drug ordering-delivery system. Each 

error was then classified based on proximate cause and finally by the underlying systems 

failure.  

During the six-month period, 247 ADEs and 194 potential ADEs were identified. 

Seventy (28%) of the ADEs were judged to be the result of error leaving a total of 264 

preventable events. The distribution of errors by stage of ordering and delivery revealed 

that most errors occurred in the physician ordering stage (39%) followed by the nurse 

administration stage (38%). Forty-eight percent of the physician ordering errors were 

intercepted by nurses and pharmacists. Likewise, 33% of transcription errors and 34% of 

pharmacy dispensing errors were identified and corrected before reaching patients. Of all 

the errors intercepted, nurses were credited with 86% and pharmacists 12%.  

Dosing errors were most common (28%) and most likely to occur during the 

physician ordering stage (38%). However, such errors also frequently occurred at the 

nurse administration stage (27%). With respect to proximal causes, lack of knowledge of 
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the drug was the most common (22%) overall, followed by lack of information about the 

patient (14%). With respect to the nurse administration stage specifically, the proximal 

causes in order of descending frequency were lack of knowledge (15%), infusion pump 

and parenteral delivery problems (13%), slips and memory lapses (12%), lack of 

information about the patient (10%), faulty drug identity checking (10%), faulty 

interaction with other services (10%), faulty dose checking (10%), lack of standardization 

(6%), preparation errors (5%), inadequate monitoring (3%), unclassified (3%), and rule 

violations (2%).  

A total of 16 major systems failures underlying the errors and proximal causes 

were identified. The system with the highest number of errors involved disseminating 

drug knowledge (29%), followed by dose and identity checking 12%. Staffing and work 

assignments was identified as a system failure that encompassed a variety of errors and 

other system failures. The authors further suggested that staffing and work assignment 

deficiencies were major causes of a large number and variety of errors. These 

deficiencies included excessive workloads due to inability to match assignments to 

clinical load during fluctuations in census and patient acuity, variations in the availability 

of experienced nurses resulting in novice nurses being inadequately supervised, and 

structuring of patient care environment such that most nurses work autonomously most of 

the time (Leape et al., 1995).  

Donchin et al (1995) prospectively collected data in an Israeli ICU over a four-

month period for the purpose of investigating the nature and causes of human error in the 

intensive care environment. In this study, a human error was defined as a deviation from 
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standard conduct as well as the addition or omission of actions relating to standard 

operational instructions or routines of the unit. Two type of data were collected, namely, 

error reports and activity profiles. Error reports were completed by physicians and nurses 

caring for patients in the unit at the time errors were discovered using a form developed 

specifically for the study. The form included information relative to the time of 

occurrence, time of discovery, discipline of person committing the error, discipline of the 

person discovering the error, narrative description of the error, presumed cause of the 

error, number of invasive catheters, and mode of ventilation. The error reports were 

reviewed by two physicians and one ICU nurse and each error was independently rated 

for severity using a five-point scale.  

In addition to the error reports, 24 hour continuous bedside observations were 

conducted on a randomly selected group of 46 patients considered representative of the 

patient population typically in the unit. The observations were performed by non-

medically trained students from a local university. The students were trained for this 

project by the nurse investigator. For the purposes of the study, activity was defined as 

any interaction involving the patient and his or her immediate bedside surroundings. All 

activities around the patient’s bedside during the 24-hour observation were recorded on a 

form developed for the study along with the time, type of activity, nature of the activity, 

and staff member performing the activity. The observers also recorded any human errors 

detected. The activities were also classified as planned, initiated, or reactive.  

The observers recorded a total of 8,178 activities for the 46 patients. The mean 

number of activities per patient per day was 178. A total of 78 errors were recorded 
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which represented 0.95% of all activities. Interestingly, 84% of the activities were 

performed by a single nurse, 2.7% by two nurses together, and 3% by nurses and 

physicians together. Only 4.7% of the activities were performed by a single physician and 

only 2.2% by two or more physicians together. There was a diurnal distribution of 

activities by physicians and nurses throughout the 24 hours. Peak activity occurs between  

1000 and 1300 hours. The number of activities by physicians decreased sharply outside 

this window, while nurses maintained a high rate of activity at all hours.  

In addition to the 78 errors detected during the direct observation periods, 476 

errors were reported by the staff on the error report forms. Only 48 of the errors detected 

by the observers were also reported by the staff. Of the errors reported by the staff, 46% 

were committed by physicians and 54% by nurses. This distribution was similar for the 

errors detected by the observers (40% and 60% respectively). On the average, more 

errors per hour were committed during the day. This was especially true for physicians 

with 72.7% occurring during the day compared to 21.3% at night (p<0.027). The 

physician error peak corresponded with their activity peak (1000-1200 hours), while 

nursing errors peaked at 0730, 1100, 1530 and 2400.  

Twenty-nine percent of the errors were classified as severe or potentially 

detrimental to patients if not discovered in time. Compared with nurses, physicians had a 

higher rate of error. The authors suggested that a possible explanation for this finding 

involved the differences in the nature of activities performed by the respective 

disciplines. The majority of activities performed by nurses were planned (92%), while 

physicians performed a larger proportion of initiated and unplanned activities (19% and 
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33% respectively). According to the authors, such activities are less predictable, more 

susceptible to stress, and thus carry an increased probability for error. They further 

concluded that nurses are involved in closer, more continuous monitoring of patients than 

physicians, and thus a two-way information flow among team members is critical for the 

prevention of errors.  

Cullen et al (1997) prospectively collected data on ADEs  in a cohort of 4,031 

hospitalized patients admitted to 11 selected medical and surgical units in two tertiary 

care hospitals over a six-month period. Their purpose being to compare the frequency, 

preventability, and systems factors involved in ADEs and potential ADEs between ICUs 

and non-ICUs and between medical and surgical ICUs. ADEs were defined as an injury 

resulting from medical intervention related to a drug, and potential ADEs were defined as 

incidents with potential for injury related to the use of a drug. This included drug 

prescribing and administering incidents that were intercepted before the order was 

actually carried out. 

ADEs and potential ADEs were identified in three ways. Staff were asked to 

report incidents to the nurse investigator when detected, the nurse investigator also made 

daily rounds on the units to solicit information regarding incidents, and also reviewed all 

patient charts daily for evidence of incidents. Once an ADE or potential ADE was 

identified, structured peer case interviews were conducted to describe the circumstances, 

identify proximal causes, and profile the persons involved. Interviewees were specifically 

asked about staffing, equipment function, workload, support services, and their 

knowledge of the patient’s condition and the drug in question. They were also questioned 
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regarding their experience with the drug, treatment plan, stress factors, external 

distractions, sleep deprivation, self-assessed competency, and self-assessed decision 

making style.  

After identification by the nurse investigator, incidents were evaluated 

independently by two physician reviewers and classified in terms of preventability, 

severity, type of error, and the stage of the drug administration process at which the error 

occurred. The results of the full investigation of each preventable drug event were then 

analyzed by a multidisciplinary team of physicians, nurses, pharmacists, and systems 

analysts. Patient acuity and severity of illness was also measured using the Therapeutic 

Intervention Scoring System (TISS) at the time the incident occurred. Additional data 

elements collected include age, gender, race, primary insurer, DRG weight, mortality at 

discharge, comorbidity, post-event length of stay, and post-event charges. 

The combined rate of preventable ADEs and preventable potential ADEs for 

ICUs was 19 per 1000 patient days, nearly twice that of non-ICUs (10 per 1000 patient 

days) (p< 0.01). The medical ICU rate of 25 per 1000 patient days was also significantly 

higher than that in the surgical ICU at 14 per 1000 patient days (p<0.05). However, ICU 

patients received significantly more drugs in the 24 hours before an event and from the 

time of admission to the time of the event (p<0.0001) than non-ICU patients. Thus, when 

the rate of events was adjusted for the number of drugs used, no significant differences 

were found between ICU and non-ICU units.  

No differences were detected between unit types with respect to the stage of the 

administration process in which the error occurred. Likewise, no differences were 
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detected with respect to the discipline if the person responsible for the event. Preventable 

events were, however, were more likely to be severe in ICUs than non-ICUs (p<0.001). 

While a wide variety of drugs were associated with ADEs, no group of drugs was 

associated with a disproportionate share. The authors concluded that one way to reduce 

the number of preventable events in the ICU is to reduce the overall number of drugs 

used (Cullen et al., 1997).  

Tissot et al (1999) prospectively evaluated medication errors at the administration 

stage in an ICU for over 30 days during a two-month period for the purpose of assessing 

the frequency, clinical significance, and type of preparation and administration errors that 

occur. Each day of the study, two nurses were selected for observation by pharmacy 

residents. A pharmacy resident accompanied each nurse and observed the preparation and 

administration of each dose of medication given during the shift. The observers precisely 

recorded exactly the nurses’ actions. Their notes were then compared retrospectively to 

the original prescriptions, recommendations of the manufacturers, and the data available 

in the literature. A total of 2009 medication administration interventions were observed 

involving 26 patients and 88 patient days.  

The observers detected 132 errors, which translated into 6.6% of the 2009 

interventions. While no fatal errors were observed, 21% of the errors were judged to be 

potentially life-threatening. Of 132 errors detected, 31% involved dose errors, 22% 

involved errors in rate of administration, 18% involved preparation, 14% involved a  

physiochemical incompatibility, 8% involved administration technique, and 7% involved 

the time of administration. The authors reported that in most cases, the nurses were either 
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unaware of their errors or were aware but did not report them because they did not think 

they were serious in nature.  

Based on the assumption that evaluation of adverse events provides information 

regarding deficiencies in quality of care, Beckman et al (1996) set out to develop and 

implement a tool to systematically identify and analyze adverse events in the intensive 

care environment in Australia. For the purposes of this descriptive study, an incident was 

defined as any event or outcome, which could have reduced, or did reduce the safety 

margin for the patient. An incident may or may not have been preventable, and may or 

may not have involved error. The incident report form was designed to include a 

narrative section to elicit a description of the event in the reporter’s own words. A 

multiple choice section was also incorporated to elicit contextual details. This section 

included items in the areas of type of incident, predisposing and limiting factors, staff and 

patient factors, patient outcomes, and suggested corrective strategies. Four sources were 

utilized for the development of items for this form including clinical observation, expert 

opinion, theory, and research.  

Next, three Australian ICUs were selected to pilot the process for two months. A 

resource manual called the Quality of Care Concepts Applied to the Intensive Care 

Setting was designed to introduce the tools as well as the concepts of quality of care and 

incident monitoring to the staff in these units. An evaluation questionnaire and instruction 

sheet was attached to the incident report form and copies were located within the ICUs at 

points easily accessible to staff members. Reporters were advised to seek assistance when 

needed from a local study coordinator in completing the forms. Completed forms were 
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placed in a locked deposit box accessible only by the local coordinator who would 

forward them to the chief investigator. Reports were voluntary and anonymous. The chief 

investigator reviewed all incident reports submitted. Descriptive analyses were 

undertaken for both the incident reports and the evaluation questionnaires. 

During this two-month time frame, 129 incidents were reported, 74% of which 

were reported by nurses, 2% by physicians, and 4% by other health professionals. With 

respect to the severity of the incident, 85% resulted in no harm to the patient, 13% 

resulted in minor harm of short duration, and 2% in major harm of short duration. 

Seventy-nine percent of the incidents occurred during routine care, 5% during major 

procedures, and 8% during handover. A total of 50 contributing factor options were 

available on the report form and 64% of the time more than one factor was selected. 

Interestingly, 11 options accounted for 73% of all selections. The most commonly 

selected contributing factors included errors of communication, technique, problem 

recognition, and charting.  

The authors suggested that the advantages of a structured anonymous incident 

reporting system include the ability to elicit contextual details regarding contributing 

factors, human error, factors minimizing adverse outcome, and suggestive corrective 

strategies. They also concluded that the narrative portion of the report form provided the 

essence of the report and that the multiple choice section should be limited to information 

not usually captured in the narrative. Following a few form revisions, the study, now 

known as the Australian Incident Monitoring Study in Intensive Care (AIMS-ICU), has 
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since been extended to include all ICUs in Australia and New Zealand wishing to 

participate. 

In a similar study, Flaatten & Hevroy (1999) also implemented an anonymous 

incident reporting system in a general ICU, post cardiac ICU, and recovery room in 

Norway. The purpose of the study was to learn more about the occurrence and severity of 

errors. In this study, errors were defined as events when treatment or observation differed 

from a planned one, and when not a part of the natural course of the disease. Prior to the 

study, staff meetings were held to introduce the reporting system. All ICU personnel 

were asked to report all errors associated with patient treatment using the registration 

form developed for the study. Information collected on the registration form included 

patient age and gender, date and time of the event, location where the event occurred, 

discipline of the reporter, type of error, and consequences of the error. The seriousness of 

the error was classified from 0 to 5 by on of the investigators following review of the 

incident as reported on the registration form. Data were collected over a 13 month 

timeframe.  

A total of 9366 patients were admitted to the participating units and 87 errors in 

87 patients were reported. Of these 87 errors, 42.3 were medication errors, 19.5% were 

related to IV infusions, 17.2% were errors with technical equipment, and the rest (21.8%) 

were grouped as miscellaneous. In 63% of the errors, no physiological or biochemical 

changes were noted, and in an additional 31.9% of the errors, a change was noted but no 

damage resulted. In 5.7% of the errors more serious consequences occurred and in one 
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case the error was fatal. The authors concluded that, despite the anonymity of the 

reporting system, errors were likely under reported.  

Buckley, Short, Rowbottom, & Oh (1997) also introduced an incident reporting 

system in an ICU in  Hong Kong in order to document the frequency of critical incidents, 

to identify the causes of critical incidents and to develop preventative strategies. A 

critical incident was defined as any incident which affected the safety of the patient while 

under ICU management. Prior to the study, small group discussions were held with the 

nurses in the ICU to introduce the concept of critical incident reporting and discuss the 

study objectives. The incident report form included location and time of the incident, 

medical and nursing personnel present at the time of the incident, state of the unit at the 

time of the incident, causative factors, monitors in use, how the incident was detected, 

presence of backup systems, physiologic consequences, patient outcomes, and 

suggestions for prevention. Following initiation of the reporting system, data were 

collected prospectively for a period of 36 months. The reports were analyzed by the 

investigators in attempt to identify the nature of the event with respect to active errors, 

latent errors, human errors, and violations.  

During the 36-month study period there were 3300 admissions and 281 critical 

incidents reported. Of these incidents, 23% occurred on the day shift, 46% during the 

evening shift, and 26% during the night shift. Physicians detected 54% of the events and 

nurses detected 43%. In over 50% of the cases, the method of detection involved direct 

observation of the patient, while 27% were detected as the result of monitoring systems. 

The monitoring systems which most frequently detected incidents were pulse oximeters 
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and ventilator alarms. According to the authors, such findings emphasize the need for 

appropriately trained nursing and medical staff who frequently and thoroughly examine 

patients and suggest that complex monitoring equipment serves primarily as a back-up.  

Human error was noted to be a factor in 55% of incidents and violation of 

standard practice was a factor in 28% of the incidents. In this study, 90% of the reported 

incidents were judged to be preventable. The most frequently cited associated 

contributing factors were inadequate assistance, deviation from standard technique, 

inexperience, and error in judgement. The most frequent types of incidents reported 

involved airway management (26%), breathing systems (9%), ventilators settings (5%) , 

drug administration (12%), and invasive lines, tubes, and drains (20%).  Selection bias 

and the voluntary nature of the incident reporting were acknowledged as limitations of 

the study. 

As discussed previously, the ANA commissioned the development of a Nursing 

Report Card for Nursing Care in Acute Care in 1994 (ANA, 1995). This resulted in the 

identification of 21 indicators with strong theoretical ties to nursing care quality, six of 

which were categorized as patient-focused outcome indicators. Adverse events and 

complications were among these six indicators. Adverse incident rate was defined as, 

“the rate at which patients admitted to a hospital for care experience adverse events 

during the course of their stay that are not directly related to the reason for their 

admission” (ANA, 1995, p. 31). Proposed adverse events included total adverse incident 

rate, medication error rate, and patient injury rate. ANA cited under reporting as a 

limitation to the use of adverse events as a nursing quality indicator. Proposed 
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complication indicators included total complication rate, decubitus ulcer rate, total 

nosocomial infection rate, nosocomial urinary tract infection rate, nosocomial pneumonia 

rate, and nosocomial surgical wound infection rate.  

Many of the studies designed to test for relationships between adverse events and 

selected structures and processes of care were presented previously in the discussion of 

nursing structures (Blegen, Goode, & Reed, 1998; Kovner & Gergen, 1998; Taunton et 

al., 1994). In these studies, relationships between nursing structures and adverse events 

including nosocomial infections, patient falls, medication errors, skin breakdown, venous 

thrombosis following major surgery or invasive vascular procedure, pulmonary embolism 

following major surgery or invasive vascular procedure, pneumonia following major 

surgery, pulmonary compromise following major surgery, acute myocardial infarction 

following major surgery, gastrointestinal hemorrhage or ulceration following major 

surgery, and mechanical complications following implant of device or graft. 

Relationships were demonstrated between nursing structure variables and many adverse 

events including medication errors (Blegen et al., 1998) skin breakdown (Blegen et al., 

1998), urinary tract infection and pneumonia following major surgery (Kovner & Gergen, 

1998), thrombosis following major  (Kovner & Gergen, 1998), and pulmonary 

compromise following major surgery (Kovner & Gergen, 1998). 

Reed, Blegan, & Goode (1998) set out to determine if rates of adverse events 

could be useful indicators of the quality of healthcare delivered, or if they merely reflect 

the severity of illness of the patients being treated. They reasoned that if adverse events 

were shown to be intercorrelated, they could be considered indicators of patient care 
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quality. Conversely, if adverse events were shown to be more closely correlated with 

measures of patient acuity than with each other, they would more likely be reflections of 

the severity of the underlying illness. To test this hypothesis, a correlational design was 

used to examine and describe patterns of relationships among adverse events aggregated 

at the unit level and between adverse events and patient acuity in a tertiary care hospital. 

A total of 42 inpatient units were included in the study and data were collected for one 

fiscal year.  

In this study, adverse patient occurrences were defined as events that reflect 

potential or actual unfavorable results in the healthcare of a patient. Specific events 

selected for inclusion in the study were patient complaints, skin breakdown, nosocomial 

infections (respiratory and urinary tract), patient falls, medication errors, and death. 

Monthly average occurrence rates were for each unit were standardized by 1000 patient 

days or by 10,000 doses of medications administered as indicated. The monthly incident 

rates were aggregated quarterly for each unit. Data were collected by the institution’s 

quality assessment and epidemiology office via review of charts and incident reports. 

Patient acuity was measured using an institutionally standardized tool based on nursing 

diagnosis and interventions. Pearson’s product-moment correlation coefficients were 

calculated for all combinations of variable for all units and an exploratory factor analysis 

was conducted to identify clusters of indicators. A probability level of p<0.10 (0.05 in 

each tail) was considered significant.  

Two groups of related adverse events were identified and these factors explained 

62.9% of the variance. The first group included medication errors and patient falls which 
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were positively correlated with each other (r=0.160) and negatively correlated with the 

other adverse events and patient acuity. The second group included skin breakdown, 

patient complaints, nosocomial infections, and death (factor loadings .792, .850, .820, 

and .802 respectively). These events were also related to patient acuity in the 

correlational analysis. According to the investigators, these results suggest that 

medication errors and patient falls reflect some common underlying process, possibly the 

quality of nursing care (Reed, Blegen, & Goode, 1998). 

Patient Characteristics 

Outcome, according to Mitchell (1998), “will be directly affected by the 

characteristics of the clients to whom the interventions are directed” (p. 44). This 

sentiment has received much empirical support over the years (Brailer, Kroch, Pauly, & 

Huang, 1996; Daley et al., 1988; DesHarnais et al., 1988; Escarce & Kelly, 1990; Green, 

Passman, & Wintfeld, 1991; Green, Wintfeld, Sharkey, & Passman, 1990; Jencks et al., 

1988a; Jencks, Williams, & Kay, 1988b; Kahn et al., 1988; Knaus, 1989; Silber & 

Rosenbaum, 1997; Wray, Hollingsworth, Petersen, & Ashton, 1997). Today, it is 

generally accepted that consideration of certain patient characteristics is essential in the 

interpretations of outcome data and quality assessments. This is evidenced by the 

inclusion of measures of various patient characteristics in virtually all outcome 

management models (Irvine et al., 1998; Mitchell et al., 1998; Tarlov et al., 1989).  

The patient characteristics historically linked to outcome in ARDS and patients 

requiring ventilator support include age, etiology of ARDS, and severity of illness 

(Brandstetter et al., 1997; Hudson, 1989; Knaus, 1989; Sloane et al., 1992; Ware & 
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Matthay, 2000). Following is a review of the literature linking these characteristics to 

outcome in patients with ARDS receiving mechanical ventilation. 

Patient Age & Etiology of ARDS 

Sloane et al (1992) enrolled 153 patients in their ARDS registry over two years. 

This registry included information on ARDS patients in a single institution collected 

daily for seven consecutive days and then weekly until death or hospital discharge. Using 

mortality as the outcome variable these researchers compared prognosis across age, sex, 

race, and etiology of ARDS. No significant differences were found in mortality based on 

gender or race. Mortality rates increased significantly with age, however (<50=37%; 50-

59=62%; >60=75%). Likewise, there were differences in mortality based on the 

underlying etiology of ARDS. Patients with ARDS secondary to sepsis had a mortality 

rate of 60% while the mortality rate associated with nonseptic etiologies was 43%. While 

differences in mortality between the ARDS etiologies of sepsis (60%) and trauma (43%) 

did not reach statistical significance (p=0.08), when patients with both sepsis and trauma 

were excluded form analysis, mortality in the septic patients without trauma (64%) was 

significantly higher than that in trauma patients without sepsis (42%). 

Ferring & Vincent (1997) retrospectively compared various patient characteristics 

of survivors and nonsurvivors in 129 patients with ARDS in a single institution. They 

found that 53% of the patients less than 65 years of age survived, while only 28% of 

those older than 65 years survived (p<0.01). When the patients were grouped into 

medical, surgical, and trauma categories for analysis, prognosis for medical patients was 

significantly worse (p<0.02). When mortality by origin of ARDS was compared, ARDS 
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secondary to sepsis, whether due to pulmonary or nonpulmonary sources, carried the 

worst prognosis (p<0.5). 

Jardin and colleagues (Jardin et al., 1999) compared mortality rates in a group of 37 

patients diagnosed with ARDS between 1993 and 1996 to a group of historical 

controls (33 patients diagnosed with ARDS between 1978 and 1981). They also 

found differences in mortality based on etiology of ARDS when the etiologies 

were grouped by pulmonary and extrapulmonary origin. Within the group of more 

recent patients, mortality from ARDS of pulmonary origin was 21% while 

mortality from ARDS of extrapulmonary origin was 75%. They further noted a 

significant reduction in mortality for those patients with ARDS from pulmonary 

origins was noted between the historical controls (65%) and the more recent 

patients (21%). Mortality rates in patients with ARDS from extrapulmonary 

origins did not change significantly (60% vs 75%). 

Several other investigators have found similar differences in mortality based on age and 

etiology of ARDS (Doyle, Szaflarski, Modin, Weiner-Kronish, & Matthay, 1995; 

Hamel et al., 2000; Luhr, Karlsson, Thorsteinsson, Rylander, & Frostell, 2000; 

Monchi, Bellenfant, Cariou, et al, 1998; Suchyta, Clemmer, Elliot, Orme, & 

Weaver, 1992; Zilberberg & Epstein, 1998). Further, the American-European 

Consensus Conference on ARDS suggests that information relative to subject age 

and etiology of ARDS be considered part of the minimum data needed to interpret 

outcome in ARDS trials (Bernard et al., 1994). 
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Severity of Illness 

  Kane (1997) asserts that, while the goal of outcomes research is to determine the 

relationship between treatment and outcomes, outcomes may be influenced by various 

other risk factors in addition to the treatment of interest.  Severity of illness is identified 

by Kane (1997) as one such class of risk factors. The influence of severity of illness on 

outcomes has been well documented in the literature (DesHarnais et al., 1988; Green et 

al., 1990; Knaus, Wagner, & Draper, 1984; Knaus, Wagner, & Draper, 1985; Scheffler, 

Knaus, Wagner, & Zimmerman, 1982).    

Given the documented relationship between outcomes and severity of illness, 

Smith (1997) asserts that adjusting outcomes for the initial severity of illness is good 

science. Kane (1997) further asserts that such adjustment is a crucial step in outcomes 

research to promote credibility of the findings among the scientific community. Such 

adjustment allows for control of selection bias, improving the ability of a model to 

predict outcomes, and forming a basis for subgroup analysis (Smith, 1997).   

The inclusion of measures of severity of illness in outcomes research for critically 

ill populations is now commonplace. According to Marik & Varon (1999), severity-

adjusted death rates are the most frequently used quality indicators in the ICU. They 

further assert that general severity scoring systems have become the cornerstone of 

quality assessment (Marik & Varon, 1999). According to these authors, the Acute 

Physiology and Chronic Health Evaluation System II (APACHE II) is the most well 

known, the most widely used, and the most frequently used and cited severity scoring 

system in critical care. With respect to studies of mechanical ventilation and ARDS in 
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particular, there is evidence that this system has indeed been widely used (Amato et al., 

1998; Amato, 1995; Brochard et al., 1998; Chelluri, Pinsky, & Grenvik, 1992; Cooper et 

al., 1999; DelBufalo et al., 1995; Hamel et al., 2000; Hickling et al., 1990; Hickling et al., 

1994; Knaus, 1989; Rappaport et al., 1994; Servillo et al., 2000; Weg et al., 1998). 

Further, the American-European Consensus Conference on ARDS recommends that 

severity of illness scoring systems such as APACHE II/III be used in studies to stratify 

and compare groups of patients (Bernard et al., 1994). 

Summary 

  Since the introduction of PPV as a therapeutic intervention, much has been 

written about the associated physiologic changes in the respiratory and circulatory 

systems. Research literature for both animal and human models used to explore the 

relationships between PPV variables and various physiologic parameters was reviewed 

and presented in this chapter. Based on this body of work that has spanned some 60 plus 

years, PPV is accepted as a standard intervention in ICUs for the management of 

ventilation for patients with ARDS. Though it is efficacious in sustaining ventilation and 

enhancing oxygenation, the role of PPV in the development of histopathologic alveolar 

changes and hemodynamic compromise is now undeniable. Alveolar volume now seems 

to be the causative link between the ventilator per se and these potentially harmful effects 

leading to volutrauma. The philosophy of lung protective strategies is now integrated into 

the process of mechanical ventilation in effort to prevent further harm. 

This chapter included a review of pertinent literature about process, and outcomes 

relevant to care of the patients with ARDS during the acute event. The process of 
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managing lung volumes and pressures entails a plethora of activities by multidisciplinary 

team members, including twenty-four hour per day care by nurses. The quality of this 

process is contingent upon monitoring physiologic parameters, interpreting and 

communicating information gleaned from such monitoring, and intervening 

appropriately. The literature presented included attention to various outcome of care 

measures, including adverse events and compliance with lung protective parameters. 

Effective monitoring of the ventilated ARDS patient by the nurse is complex and 

demanding. Analysis of nurse-sensitive contributions to care for patents with ARDS may 

provide valuable insights into the unique contributions of the nursing discipline to this 

population of patients. 
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Chapter III: Methods 

 The specific purpose of this study is to identify and describe the nursing 

contribution to outcomes of care for patients with ARDS receiving mechanical 

ventilation. This chapter describes the research design, study setting, sample selection 

process, sample characteristics, instruments, data collection procedures, and statistical 

analyses. 

Research Design 

 In the tradition of outcomes research, a naturalistic approach involving a 

descriptive design using retrospective record data was used for this study. This is 

consistent with a nonexperimental explanatory research design as described by Pedhazur 

and Schmelkin (1991), as there was no manipulation of independent variables or 

randomization. This is also consistent with the cohort study design in the epidemiologic 

tradition (Hearst, Grady, Barron, & Kerlikowske, 2001; Myles & Gin, 2000; Rothman & 

Greenland, 1998). This type of study has been referred to as a "natural experiment" since 

subjects had received the intervention for reasons unrelated to research (Hearst, Grady, 

Barron, & Kerlikowske, 2001; Rothman & Greenland, 1998). The study did not impact 

the care of subjects, as it involved a retrospective review of medical and administrative 

records after care was completed. All clinical decisions with respect to the study subjects 

had already been made by the clinical staff caring for the subjects based on their routine 

practice patterns and were independent of this study.  

The study variables measured included patient characteristics, nursing process 

variables, and outcome variables. In the context of the structure-process-outcome 
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paradigm (Donabedian, 1992), nursing care process variables are considered antecedents 

to outcomes and therefore represent independent variables. Since outcomes are 

conceptualized as the end result or consequence of care processes, (Donabedian, 1992), 

the outcome variables in this study represented dependent variables. Patient 

characteristics in the context of this study are potential confounding variables. All data 

were collected retrospectively from the medical records. 

Study Setting 

 The setting for this study was a large academic medical center in the 

Southwestern United States. This urban facility is a 997-bed acute care county hospital 

affiliated with a premier medical school with approximately 50,000 in-patient admissions 

per year. The ethnic breakdown of the in-patient population at this facility during the 

study timeframe was as follows: a) 36% Caucasian; b) 12% African American; c) 0.6% 

Asian, and; 51% other (including Hispanic).  

 Patients with ARDS receiving mechanical ventilation in this facility were 

typically cared for in any one of five adult intensive care units. These units include the 

Surgical Intensive Care Unit (SICU), Medical Intensive Care Unit (MICU), Coronary 

Care Unit (CCU), Burn Intensive Care Unit (BICU), and Neurosurgical Intensive Care 

Unit (NICU).  The skill mix in all of these ICUs includes a combination of registered 

nurses (RN) and unlicensed assistive personnel (UAP) with the RN-patient ratios 

typically ranging from 1:1 to 1:2. The staffing ratios for RNs each shift are based on 

patient acuity and nurse availability. On rare occasions, the patient acuity in the CCU 

allows for a RN-patient ratio of 1:3. Specific information for each of the units with 
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respect to bed size, full time equivalent (FTE) staffing requirements, nursing hours per 

patient days (NHPPD), and scheduled shifts are summarized in Table 3.0 below. The 

nursing hours perpatient day reflect only the hours of care provided by registered nurses 

and do not include the hours of care provided by the unlicensed assistive personnel. 

 

Table 3.1 

ICU Bed Size and Nurse Staffing Indices 

Unit  Beds  RN FTEsa UAP FTEsb NHPPDc Shifts 

SICU  20  62.96  7.32  20.35  8 & 12 

NICU   4  17.38  4.03  16.33  8 & 12 

BICU   9  32.00  5.00  21.82  8 & 12 

MICU  14  43.60  6.30  17.04  12 

CCU  12  33.80  5.42  13.84  8 & 12 

aRN FTE = Registered nurse full time equivalent. bUAP FTE =  

The intensity of monitoring and documentation in these intensive care units is 

based on a combination of standards of practice, physician order, and nursing judgment. 

The nursing standard of care is to perform a full head-to-toe assessment on each patient 

every four hours. Vital signs are recorded not less than every two hours. Other parameters 

are monitored and recorded at the discretion of the nurses, based on physician order, 

perceived patient acuity, interventions, and patient responses to interventions. Nursing 

assessments and interventions are documented on the ICU flowsheet, the nursing 

assessment form, the medication administration profile, and nursing progress notes. 
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These documents are maintained at the bedside and are accessible to the entire clinical 

team for reference.  

Given the multidisciplinary nature of patient-ventilator system management, 

physicians and respiratory therapists comprise an important part of the care team for 

patients with ARDS. Medical care in these ICUs is provided by house staff (residents and 

interns) under the supervision of a faculty physician from the associated university 

medical center. The majority of the faculty are board certified in their specialty, and 

several are board certified in Critical Care Medicine. Respiratory therapists are organized 

as a centralized department and assigned to the respective ICUs each shift, based on need. 

These practitioners each have a home base to which they are typically assigned in effort 

to facilitate continuity of care and specialization. The standard of care for respiratory 

therapists was to complete and document a ventilator system check every two hours. The 

respiratory therapists document their assessments and interventions electronically in 

hand- held devices. Hard copy printouts of their documentation are completed and placed 

in the medical record in 24-hour increments. Bedside respiratory care flowsheets 

comparable to the nursing flowsheets are not used and access to the electronic 

documentation of the therapists by other members of the clinical team is not readily 

available in real time at the bedside. The nursing flowsheet is therefore the primary 

source for real time access to information regarding the patient-ventilator system.  

Population and Sample 

  The population of interest for this study consisted of adult patients with ARDS 

receiving mechanical ventilation. A convenience sample of patients with ARDS treated in 
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a large academic medical center in the Southwestern United States from January 1, 2000 

through December 31, 2001 (24 months) was utilized. A total of 446 potential subjects 

were identified from an administrative database at the study site using diagnosis codes 

(ICD-9) 518.5 and 518.82.  Since an ICD-9 code specific to ARDS does not exist, these 

subjects are generally coded into one of these general categories of respiratory distress. 

Thus, these diagnosis codes include patients with respiratory distress secondary to a 

variety of etiologies in addition to ARDS.  

The timing of the application of lung protective ventilation strategies in relation to the 

diagnosis of ARDS is believed to be an essential factor in the efficacy of this intervention 

(Dreyfuss & Saumon, 1998; MacIntyre, 1996a; MacIntyre, 1996 b; Marini, 1996; Sessler, 

1998). Therefore, it was important that any assessment of process and outcome be done 

for a consistent window of time in relation to the diagnosis of ARDS for all subjects. The 

first three days following diagnosis of ARDS was established as the time of interest in 

this study. For practical reasons, this three day period of time was defined as the first six 

consecutive complete 12-hour shifts (72 hours) from the time of diagnosis.  The diagnosis 

of ARDS is often made before transfer to an ICU and before implementation of 

mechanical ventilation as a therapeutic modality. Further, depending on the individual 

patient’s risk of mortality at the time of diagnosis, treatment with mechanical ventilation 

and other resuscitative measures may be futile. Patients, families, and the care team may 

thus elect to withhold these interventions and a “Do Not Resuscitate (DNR)” order may 

be evoked. Since these three conditions (treatment outside the ICU environment, DNR 

status, and absence of mechanical ventilation as a process of care), would result in 
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different expectations with respect to processes and outcomes of care in the ARDS 

population, it was determined that if such conditions were present for more than five 

hours during a 12-hour shift, that shift could not represent a complete shift.  Thus, these 

three conditions were required to be absent for at least 67 of the 72 hours within the 

window of interest.  

The medical records of these potential subjects were reviewed and evaluated for 

eligibility. Inclusion criteria for the study included: 

1. a medical diagnosis of ARDS made by a physician and documented in the 

progress notes or radiographic reports. Physicians generally base the diagnosis 

of ARDS on the following criteria: a) a sudden onset of PaO2/FIO2 less than 

or equal to 200; b) diffuse, bilateral parenchymal infiltrates on chest 

radiography; c) a pulmonary artery wedge pressure less than or equal to 

18mmHg (if measured); d) the absence of left atrial hypertension, and; e) age 

greater than 18 years (Bernard et al., 1994).  

2. treatment in an intensive care unit (ICU) for not less than 67 consecutive 

hours following diagnosis with ARDS. 

3. utilization of mechanical ventilation as a therapeutic intervention for not less 

than 67 hours during the first three days following diagnosis of ARDS. 

4. age greater than 18 years. 

5. absence of a “do not resuscitate (DNR)” order for not less than 67 hours 

during the first three days following diagnosis of ARDS 
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6. availability of documents for data extraction. Required documents included 

the nursing flowsheets, nursing assessment forms, and medication 

administration profiles for the first six eligible 12-hour shifts following 

diagnosis of ARDS.  

Of the 446 potential subjects, 67 were found to meet all inclusion criteria and were 

included in the study sample (See Table 3.2). A total of 312 subjects were excluded 

because they did not have a documented diagnosis of ARDS. Of the 134 subjects with a 

diagnosis of ARDS, 27 were excluded due to missing elements in the medical record. Of 

the 107 remaining subjects with ARDS, 40 were excluded for one of the following 

reasons: (1) treated in an ICU less than 67 consecutive hours following diagnosis, (2) 

death prior to the first 67 hours of treatment on the ICU, (3) presence of a written order 

for DNR within the first 67 hours of treatment in the ICU, (4) treatment with mechanical 

ventilation less than 67 hours within the first three days of diagnosis, and (5) age less 

than 18 years. The remaining 67 subjects that met all eligibility requirements, had a 

complete medical record available for review, and were included in the study.  

The demographic data collected for each subject included age (measured as the 

chronologic age at the time of onset of ARDS), gender, etiology of ARDS (the 

underlying disease process believed to cause or precipitate the acute lung injury), and 

primary mode of ventilation. Delivered tidal volumes and plateau pressure measurements 

were also recorded.  
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Table 3.2  

Breakdown of Subject Inclusion and Exclusion Categories 

Category           Subjects 

Potential Subject List              446 

No Documentation of Diagnosis of ARDS           312 

Documented Diagnosis of ARDS            134 

Missing Elements in Medical Record             27 

Pressence of Initial Exclusion Criteria            40 

Initially Enroled in Study              67 

Presence of Risk factors for Abdominal Compartment Hypertension       27 

Final Sample               38 

 

Measurement of tidal volume in the clinical environment is impacted by several 

factors and warrants further discussion. In the setting of artificial ventilation, tidal volume 

has historically been prescribed and evaluated based on a patient’s body weight (Pierce, 

1995; Pilbeam, 1995). Determination of body weight in the clinical setting is not always 

straightforward and is not a static measure. In addition to its use in computing tidal 

volume, body weight is also used to calculate the dosage of many pharmacologic agents 

and to track fluid balance. Thus, ICU patients are typically weighed daily and it is not 

uncommon for a patient’s weight to fluctuate by several kilograms over the ICU course.  

A challenge in this study was in determining which body weight was used for 

prescribing tidal volume for a given subject, and which body weight to use when 
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evaluating the delivered tidal volume. The use of actual body weight when prescribing a 

tidal volume would result in harmful values in patients significantly overweight, or with 

elevated weight due to volume overload. Clinicians have historically adjusted for this at 

the bedside when prescribing tidal volume. The exact nature of such adjustments has not 

been widely discussed in the literature and is rarely documented in the medical record.  

Written orders for tidal volume are typically presented as a total volume (e.g. 700 cc’s) to 

be delivered rather than a volume per kg of body weight (e.g. 7cc’s/kg). Likewise, 

monitored values of tidal volumes are recorded as total volumes rather than as 

volumes/kg of body weight. According to the medical director for the MICU, the house 

staff in the medical units of the study facility are encouraged to prescribe tidal volumes of 

6-8 cc’s/kg body weight using an estimate of ideal body weight as indicated when 

prescribing tidal volume for patients with ARDS (Anthony DalNogare, MD,  personal 

communication March 21,2004). According to the medical director for trauma services at 

the study site, the house staff in the surgical units at the time of the study were 

encouraged to use the same methodology for estimating predicted body weight as that 

used in the ARDSnet trial (2000) and were provided written guidelines for prescribing 

tidal volume according to the lung protective philosophy (Joe Minei, MD, personal 

communication, March 21, 2004). A single explicit methodology for estimating “ideal” 

body weight among the house staff in the study facility could not be identified, however. 

Nutritional support staff was the only discipline noted to document an ideal body weight 

in their narrative progress notes, and there was no way to determine if this weight was 

used by the medical staff for any purpose.  
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In the landmark study by the Acute Respiratory Distress Syndrome Network (2000), 

an estimate of “ideal”, or predicted body weight was used for prescribing and evaluating 

tidal volume. A specific and explicit formula was used to determine predicted body 

weight. The predicted body weight for male patients was calculated as 50 + 0.91 (height 

in cm – 152.4) and the predicted body weight for female patients was calculated as 45.5 + 

0.91 (height in cm – 152.4). This methodology was used in the present study to determine 

predicted body weight. For comparative purposes, both actual and predicted body 

weights were recorded for each subject. For practical reasons, the actual body weight 

recorded for study purposes was the weight documented on the shift of diagnosis of 

ARDS. Interestingly, the predicted body weight based on the methodology described 

above was not the same as the estimate of ideal body weight documented by the 

nutritional support staff.  

An average tidal volume across the six shifts of data collection was computed based 

on values recorded in the medical record. For comparative purposes, tidal volume per kg 

body weight was also computed for both actual and predicted body weight using the 

mean tidal volume across all six shifts.  An attempt was made to group the etiologies of 

ARDS into pulmonary and extrapulmonary categories. This proved difficult as there were 

many subjects with potentially overlapping etiologies, e.g. pneumonia and sepsis. Given 

the subjective nature of this process in the context of a retrospective design, the decision 

was made not to continue with this process.   

Demographic data for each of the 67 subjects are presented in Table 3.4. The subjects 

in the sample were treated in four of the five ICUs (SICU = 31, MICU = 26, BICU = 5, 
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CCU = 5). The subjects ranged in age from 18 to 79 with a mean of 44 ± 14.9 years. The 

majority of the subjects were male (n=45, 67%). Actual body weight ranged from 50 to 

207 kg (mean = 82.8 ± 22.1), while predicted body weight ranged from 41 to 91.5 kg 

(mean = 66.4 ± 10.8). The delta for actual and predicted body weight ranged from -41.5- 

to 145 kg with a mean difference of 16.4 kg (± 24.6). Of the 67 subjects, 54 (81%) had an 

actual body weight that exceeded the predicted body weight, half of which exceeded their 

predicted weight by more that 15 kg (n=26). This has implications for the evaluation of 

compliance with an established target for tidal volume. For subjects whose actual body 

weight exceeded their predicted weight, the mean difference in target tidal volume based 

on the two different weights was 178 cc’s.  This represents a significant difference in the 

context of evaluating compliance with a target of 8cc’s/kg of predicted body weight. In 

effect, this represents quantitatively different targets. Clinicians using an actual body 

weight to set a tidal volume target would likely perform unfavorably when evaluated 

against criteria based on the use of predicted body weight. The majority of subjects 

(n=38, 57%) were primarily ventilated using the pressure mode of ventilation. A more 

detailed description of the sample with regard to tidal volume and alveolar pressures will 

be presented in the next chapter. 

 

 

 

 

 



  

 89 
 
 

 

Table 3.3 

Summary of Subjects by Age, Gender, and Weight Demographic 

Subject Age  Gender    Weight 

      Actual  Predicted Deltaa 

1  76  M   55.50  63.86     -8.36 

2  48  M   70.00  63.87      6.13   

3  58  F   76.20  61.68    14.52  

4  28  F  121.00  55.00    66.00 

5  36  M   74.70  54.70    20.20 

6  76  M   70.00  70.80     -0.80 

7  47  M  110.00  50.00    60.00 

8  35  M   79.00  73.00      6.00 

9  53  M   76.00  63.86    12.14  

10  53  M   82.00  68.50    13.50 

11  36  M   90.00  69.00    21.00 

12  29  M   66.60  73.00    -6.40 

13  62  M   72.60  73.10    -0.50 

14  14  M   84.50  73.10    11.40 

15  70  F   67.80  50.00    17.80 

16  38  M   82.70  77.74     4.96 

17  32  M   80.10  82.36    -2.26 

18  51  M   96.00  85.00    11.00 
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19  27  F   57.00  45.50    11.50 

20  53  M   85.70  86.60     -0.90 

21  36  M   82.00  73.00      9.00 

22  50  M  95.50  77.73    17.77 

23  41  M  110.00  75.00    35.00 

24  65  F   68.80  54.6    14.20 

25  25  F   82.00  57.00    25.00 

26  36  M   72.00  71.00     1.00 

27  48  F  102.60  55.00    47.60 

28  65  M   86.00  70.80    15.20 

29  28  M  109.00  78.00    31.00 

30  58  M   72.00  70.80     1.20 

31  46  F   74.00  62.00    12.00 

32  42  M   75.80  77.70    -1.90 

33  47  F   76.00  66.00    10.00 

34  71  F   73.00  41.00    32.00 

35  59  F  133.00  64.00    69.00 

36  63  F   67.00  45.50    21.50 

37  35  F   80.30  54.74    25.56 

38  36  F  100.00  47.80    52.20 

39  40  M   62.30  66.18    -3.88 

40  38  M  207.00  62.00  145.00 
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41  26  F   77.30  66.00    11.30 

42  37  M   79.50  70.80      8.70 

43  50  M   78.00  73.00      5.00 

44  18  M   63.00  62.00      1.00 

45  22  M   72.20  66.00      6.70 

46  43  M  100.00  77.70     22.30 

47  33  M   81.80  77.74       4.06 

48  42  M   96.00  80.00     16.00 

49  44  F   77.30  64.00     13.30 

50  35  M   70.00  68.49       1.51 

51  37  M   66.00  68.49      -2.49 

52  44  M   78.80  73.10       5.70 

53  32  M   97.10  66.00     31.10 

54  18  M   78.50  73.10       5.40 

55  51  M   63.00  75.00     -12.00 

56  41  M   75.00  75.40       -0.40 

57  53  F   95.90  52.40       43.50 

58  67  F   56.80  62.50        -5.70 

59  36  M  100.00  77.70        22.30 

60  25  M   80.20  63.80        16.40 

61  18  M   50.00  91.50       -41.50 

62  51  F   75.00  54.75         20.25 
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63  61  F   69.40  61.67          7.73 

64  49  M  100.00  50.00         50.00 

65  79  F   59.00  50.12           8.88 

66  46  F   89.80  59.75          30.05 

67  28  M   91.00  75.00          16.00  

aDelta = actual body weight minus predicted body weight.     

Instruments and Measurement of Study Variables 

 This section will address the procedures for measuring the study variables 

including a description of the instruments used, when applicable. Study variables are 

grouped into the categories of patient characteristics, nursing processes, and outcomes for 

the purposes of this discussion. 

Patient Characteristics 

 The patient characteristics of interest in this study include those demographic 

characteristics described above (age, gender, weight) and severity of illness. Severity of 

illness was measured in this study with the Acute Physiology and Chronic Health 

Evaluation (APACHE II) system. The original APACHE tool was first described in the 

literature as a physiologically based classification system in 1981(Knaus, Zimmerman, 

Wagner, Draper, & Lawrence, 1981b). Since that time, two subsequent versions of the 

tool have been introduced, the APACHE II (Knaus, Draper, Wagner, & Zimmernam, 

1985a) and APACHE III (Knaus et al., 1991). Following is a discussion of the 

development and performance evaluation of each version of this classification system 

including available information relative to reliability and validity. A discussion of how 
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this system compares to other severity of illness classification instruments commonly 

used in the critical care environment is also presented. The verson used in this study is 

APACHE II. 

APACHE 

The APACHE system is based on the premise that the degree of derangement of 

physiologic variables experienced by patients is reflective of their severity of acute illness 

(Knaus, Wagner, & Draper, 1985b). The original tool was composed of a physiology 

score reflecting the degree of acute illness and a chronic health score reflecting pre-

admission health status. The nominal group process was used to develop the list of 

physiologic variables and their associated weights that comprised the acute physiology 

score (APS).  

The panel of experts included seven critical care specialists representing the three 

major subspecialties (anesthesiology, medicine, and surgery) involved in critical care. 

This process resulted in a list of 34 variables reflecting the degree of physiologic 

derangement of one or more of the major body systems, i.e. neurologic, cardiovascular, 

respiratory, gastrointestinal, renal, metabolic, and hematologic. A 0-4 weighting system 

was also developed for the 34 variables to quantify the degree of deviation from normal. 

The weights for each variable measured are summed to obtain the APS. In addition to the 

physiologic parameters, the panel also identified four categories of chronic health status. 

Determination of chronic health status category is based on the subject’s health status 

within 3-6 months prior to admission as derived from a review of the medical record.  
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To evaluate the tool’s performance, severity of illness was measured for 582 ICU 

patients over an 8-month period of time using this tool in a university medical center. 

Patients with acute myocardial infarction and burns were excluded, along with those 

remaining in the ICU for less than 16 hours. The amount of therapeutic intervention, 

using the Therapeutic Intervention Scoring System (TISS) was measured and other 

demographic data recorded. The subjects were followed for six months after discharge, 

however, outcome was defined as short-term survival (hospital mortality) (Knaus et al., 

1981b). The predictive validity of the instrument was assessed through evaluation of the 

relationships between the APS, preadmission health status, and two outcome criteria 

(amount of therapy received and mortality). The relationship between APS and therapy 

was tested using simple and multiple regression techniques. The relationship between 

APS and hospital survival was examined using multivariate logistic and probit regression 

techniques. 

The results of these analyses indicated that all of the 582 patients could be 

classified reliably with insignificant interobserver variation (Knaus et al., 1981b). The 

distribution of acute physiology points ranged from 0-50 with a mean of 15. As the total 

points increased, so did the probability of hospital death (r=0.51; p=0.01-21). Within the 

midrange of the APS (15-20), the probability of hospital mortality increased by 2%. 

Patients with 31 or more points had a 70% probability of hospital death. A strong 

correlation between the APS and the amount of therapy received was also demonstrated. 

As the total physiology score increased, so did the mean number of TISS points for the 

first 12 shifts (r=0.59; p=0.01-10). Assuming that sicker patients receive more therapy, the 
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investigators believed that this relationship provided evidence of concurrent validity 

(Knaus et al., 1981b).   

A consistent relationship was also demonstrated between the preadmission health 

status classifications and hospital mortality (χ2=11.18; p<0.02). Multiple regression 

analysis was used to determine the relative ability of the APS and preadmission health 

status to predict hospital mortality. The predictive value of the regression equation was 

unaffected by the addition of other variables (including preadmission health status) to the 

APS. In the absence of the APS, however, only one of the preadmission health status 

classifications continued to successfully predict mortality. 

The predictive validity of the original APACHE was subsequently assessed using 

cross validation with an independent sample in a multisite study involving six hospitals 

and 1408 patient admissions (Knaus et al., 1982). Using data from the original validation 

study sample, estimated regression coefficients were obtained and a predicted risk of 

death computed for each admission in the additional five facilities. The number of deaths 

expected for each facility was calculated as the sum of the individual risks of death in the 

admitted patients divided by the total number of admissions. In all hospitals, the 

predicted death rate was within the 95% confidence interval of the observed death rates 

(Knaus et al., 1982). As in the previous study, the APS was the most significant and 

important predictor variable. 

Further cross validation of the original APACHE tool using a the split-half 

method was conducted by the authors using logistic and ordinary least squares (OLS) 
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regression in a sample of non-operative ICU patients (Wagner, Knaus, & Draper, 1983). 

In the period of 27 months following development of the tool, data were collected on 

2010 consecutive ICU admissions. Of these admissions, 833 were non-operative 

admissions and served as the sample for the validation analysis. Data were collected by 

two former ICU nurses and inter-observer reliability was assessed on 30 patients. An 

inter-rater agreement of 96% was reported and in no case did variations between 

observers result in substantial (greater than 1 point) differences in the APS.  

A random number generator was used to divide the sample into two groups. 

Ordinary Least Squares (OLS) and logistic regression equations were estimated on one 

group using hospital mortality as the dependent variable. Predicted probabilities of 

survival were then estimated for each patient in the second group using these equations. 

The two equations included the APS, age, sex, principle organ-system failure, and 

preadmission health status as independent variables and were reported to be quite similar 

(Wagner et al., 1983). Predicted death rates for the second group were compared to actual 

death rates across all ranges of APS and found to be accurate. Classification matrices 

were also computed using a predicted probability of death for each patient of 0.50 as the 

decision criterion for both data sets. A specificity of 88% and a sensitivity of 60% were 

reported. 

APACHE II 

 Based on their experience using the original APACHE classification system, 

instrument revisions were made by the authors and the APACHE II was constructed in 

1985. The number of physiologic variables comprising the APS was reduced from 34 to 
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12. Items were deleted based on the availability of data (some of the variables were 

infrequently measured in the clinical setting) and redundancy of information (some 

variables were considered more specific measures of other variables). Variables were 

deleted based on clinical judgement. Decisions to delete variables were then evaluated 

using a multivariate comparison with the original system for each proposed revision 

using total R2 and correct classification rate for outcome standards (Knaus et al., 1985a).  

Some of the weights for the physiologic variables were also changed based on 

analysis of the previous data. The Glascow coma score was weighted more heavily, as 

was the value of serum creatinine, indicative of acute renal failure. A direct weighting for 

all PaO2 values when the FIO2 is less than 0.50 was also incorporated. It was decided that 

no missing values would be accepted and that recorded variables would reflect the most 

deranged reading during the first 24 hours following admission to the ICU (Knaus et al., 

1985a).  

Based on a review of the literature, the authors concluded that age is a risk factor 

for death from acute illness. Thus, the age of subjects was weighted and incorporated into 

the tool. The authors also discovered from their analysis that non-operative and 

emergency surgery admissions had a higher risk for death than elective surgical 

admissions. Consequently, operative admission status was weighted and incorporated 

into the chronic health category of the tool. The chronic health scoring system was 

revised such that scores were based on the presence of more specific therapeutic 

requirements in addition to the functional limitations previously used (Knaus et al., 

1985a). As in the original version of the tool, the risk of hospital death increases as the 
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APACHE II score increases. The maximum possible APACHE II score is 71 (Knaus, et 

al., 1985a). 

To evaluate the revised tool, the APACHE II was used to measure severity of 

illness on a total of 5815 patients admitted to ICUs in 13 hospitals. Data collected for 

each subject included age, diagnosis, reason for ICU admission, surgical status, pre-

admission history, APACHE II classification on each ICU day, and outcome at ICU and 

hospital discharge. The results of interobserver reliability testing revealed a 96% 

agreement on all physiologic data. The authors report that agreement on preadmission 

data was somewhat less but that disagreements were minor (Knaus et al., 1985a).  

Predictive validity of the tool was assessed as data were analyzed to determine the 

relationship between APACHE II scores and observed hospital death rates using direct 

cross-tabulations and multivariate techniques such as multiple logistic regression. The 

authors reported a direct relationship between APACHE II scores and observed hospital 

death rates (Knaus et al., 1985a). For each 5-point increase in APACHE II, there was a 

significant increase in hospital death (p<0.0001). To assess concurrent validity, the power 

of APACHE II was compared with the original APACHE using multivariate techniques. 

The results suggested that the APS derived from 12-physiologic variables in the 

APACHE II had an explanatory power comparable to that derived from the original 

APACHE using 34 variables (R2 APACHE II = 0.319; R2 APACHE = 0.310; area under 

ROC curve APACHE II = 0.863; area under ROC curve APACHE = 0.851). A sensitivity 

of 47% and a specificity of 94.9% were reported when the decision criterion was set at 

.50 (Knaus et al., 1985a).  
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According to Schuster (1992), cross validation using a completely new sample by 

a different set of investigators is preferred as it minimizes potential bias. Since its 

introduction, the predictive validity of APACHE II has been assessed in this manner in 

numerous ICUs internationally with similar results (Capuzzo et al., 2000; Chen, Koh, & 

Goh, 1993; Giangiuliani, Mancini, & Gui, 1989; Oh et al., 1993; Rowan et al., 1993; 

Sirio et al., 1992; Zimmerman et al., 1988). It has also been evaluated in specific patient 

populations with positive results (Del Bufalo et al., 1995; Ludwigs & Hulting, 1995; 

Wong, Crofts, Gomez, McGuire, & Byrick, 1995). The work of Wong and colleagues 

(1995) exemplifies the results of these studies, reporting APACHE II scores and hospital 

survival data 1,724 patients in two Canadian ICUs. Predicted risk of death was calculated 

for each patient using the APACHE II equation. Predicted and actual death rates were not 

significantly different (24.7% and 24.8% respectively), linear regression analysis 

revealed an r2 of 0.99, and the area under the ROC was 0.86. Using a 0.5 decision 

criterion 83% of patients were correctly classified, the sensitivity was 50.9% and the 

specificity was 93.6%.  

A formal reliability study involving eleven hospitals has also been reported 

(Knaus et al., 1991). The results of this study revealed an interclass correlation coefficient 

of 0.90 for assignment of the APS. Percent agreement values were also determined for 

various demographic variables recorded. The results revealed percent agreement values 

of 91.8% for patient age, 99.5% for sex, 95.4% for race, 97.4% for ICU admission date, 

98% for origin of admission, 85.7% for time from emergency room, and 93.9% for 

primary system failure. 
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APACHE III 

An APACHE III instrument has been developed and used since 1991 (Knaus et 

al., 1991). Using multivariable logistic regression analyses, the number of physiologic 

variables was increased to 17 and weights were adjusted for all components of the 

APACHE III score. In addition, the APACHE III equation for prediction of hospital 

death was changed to include the new variables of primary disease and patient location 

prior to ICU admission. Predictive validity for this version of the tool using a split-

sample cross validation method was assessed in a group of 17, 440 patients from 40 

hospitals (Knaus, et al., 1991). The r2 was 0.41 and the ROC characteristic was 0.90. 

Further, a 5-point increase in the APACHE III score was independently associated with a 

statistically significant increase in the relative risk of hospital death (odds ratio, 1.1 to 

1.78). 

In a cross validation study by the same investigators (Zimmerman et al., 1998), 

the APACHE III was used to measure severity of illness and predict hospital mortality in 

an independent sample of 37,668 patients from 285 ICUs in 161 hospitals in the United 

States. Observed and predicted mortality were not statistically different (χ2=.37, p=.541) 

and the area under the ROC was 0.89. Cross validation of the APACHE III by an 

independent group of investigators has not been reported to date as the APACHE III 

regression equations are proprietary (Castella, Artigas, Bion, & Kari, 1995; Schuster, 

1992). 
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A comparison of Instruments 

 When compared to the APACHE III and other severity of illness indices 

commonly used in the critical care environment, the APACHE II system has been shown 

to have good discrimination and calibration (Castella et al., 1995). In a multicenter, 

multinational study, Castella and colleagues (1995) collected data needed to compute 

APACHE II, APACHE III, Simplified Acute Physiology Score (SAPS) I, SAPS II, 

Mortality Probability Model (MPM) I, and MPM II on 14, 745 patients from 137 ICUs in 

12 European and North American countries.  Since the APACHE III regression equations 

are proprietary, comparisons between APACHE III and the other instruments were 

limited to computed scores and did not include comparisons with regard to probability of 

death (Castella et al., 1995). APACHE II scores were found to be highly correlated 

(r2=.827) with APACHE III scores.  

It has been suggested that a model is considered to discriminate well when the 

ROC characteristic is greater than .80 and that a model’s discriminatory ability increases 

as the value of the ROC characteristic approaches 1.0 (Castella et al., 1995; Kollef & 

Schuster, 1994; Schuster, 1992). When compared to the other instruments, the only tool 

with an ROC characteristic greater than the APACHE II was the APACHE III. When the  

ROC characteristic was compared between these two instruments, the APACHE III was 

found to be statistically superior (ROC APACHE II=.848, ROC APACHE III=.866, 

p<0.0001). While the APACHE II did not discriminate as well as the APACHE III from a 

statistical standpoint, given the ROC characteristic of .848 it was found to discriminate 

well from a clinical perspective. Further, while the assessment of calibration using the 
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goodness-of-fit statistic could not be done for the APACHE III, the APACHE II was 

found to calibrate acceptably well as evidenced by a goodness-of-fit probability of 

0.0245.  Interestingly, in a subsequent study, the goodness-of-fit probability for the 

APACHE III using the Lemeshow-Hosmer chi-square statistic was found to be 

significant (p<0.0001) (Zimmerman et al., 1998). 

Based on this evidence, none of the instruments evaluated emerge as clearly 

superior to the APACHE II. Currently, the APACHE III model can be used only in 

conjunction with a computerized system that must be purchased (Castella et al., 1995). 

APACHE II is still used by the study facility for severity stratification in quality 

assessment as well as research activities. For these reasons, the APACHE II was used in 

the present study to measure severity of illness.  A copy of the APACHE II instrument 

can be found in Appendix B. Interobserver reliability was evaluated in this study by 

having nine different trained data collectors complete the APACHE II instrument based 

on their review of the same six records. An intraclass correlation coefficient was 

computed based on a two-way random effect model for absolute agreement using SPSS 

10.0 software. The resulting alpha was 0.9541. 

Nursing Process Variables 

 The nursing process variables in this proposed study include patient-ventilator 

monitoring intervention activities and patient-ventilator therapeutic intervention 

activities. Two instruments were used to measure these activities for this study. 

Monitoring activities were measured by the Patient-Ventilator Monitoring Intervention 

Intensity Scoring System (PV-MIISS) and therapeutic intervention activities were 
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measured by the Patient-Ventilator Therapeutic Intervention Intensity Scoring System 

(PV-TIISS). Both of these instruments were developed specifically for this study in 

attempt to capture the nursing contribution to the care of patients receiving mechanical 

ventilation as a process of care. A description of these instruments along with a 

discussion of their development are provided in the following sections. 

Patient-Ventilator Monitoring Intervention Intensity  

Monitoring is a key component of the care of patients receiving mechanical 

ventilation. While the frequency with which some parameters are measured is determined 

by unit policy and/or physician order, in many instances this frequency is altered at the 

discretion of the nursing staff based on nursing judgement. The Patient-Ventilator 

Monitoring Intervention Intensity Scoring System (PV-MIISS) was developed to capture 

the intensity of monitoring activity directed at patients receiving mechanical ventilation. 

This instrument is provided in Appendix C. Following is a description of this tool. 

Patient-Ventilator Monitoring Intervention Intensity Scoring System 

Development of the PV-MIISS began with the identification of parameters 

commonly monitored for patients receiving mechanical ventilation as a therapeutic 

intervention. A total of 32 items were selected based on clinical experience and a review 

of the literature regarding care of the patient receiving mechanical ventilation. 

 A panel of three expert ICU nurses (greater than 10 years experience in critical 

nursing with national certification in their specialty) was then asked to review the list and 

rate the items on a scale of 1-3 based on their importance in promoting ventilation 

consistent with a lung protective philosophy. A score of one was given to items 
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considered directly related to promoting ventilation consistent with a lung protective 

philosophy. A score of two was given to items considered indirectly related to promoting 

ventilation consistent with lung protective parameters but directly related to the 

management of the patient-ventilator system.  A score of three was given to items 

considered indirectly related to promoting ventilation consistent with the lung protective 

philosophy and management of the patient-ventilator system, but important to the general 

care of a patient receiving mechanical ventilation.  

The panel’s ratings were used to group the items into three corresponding 

categories for the instrument. An item was placed in a category if rated with the 

corresponding score by two or more panel members. The final breakdown of items by 

category was as follows: 12 items in category one, 12 items in category two, and 8 items 

in category three. Items were also assigned weights (1-3) by category. Items in category 

one were assigned a weight value of three, items in category two were assigned a weight 

value of two, and items in category three were assigned a weight value of one. 

Scores for the instrument are computed at the end of each 12-hour period. When 

scoring the instrument, the medical record is reviewed to determine the number of times 

each one of the items was measured and documented by the nursing staff during that 

shift. The number of times each item was documented by the nursing staff is recorded on 

the instrument and multiplied by the corresponding weight value for the appropriate 

category. The overall score for the instrument is the sum of these weighted values across 

all items. As the PV-MIISS score increases, patient-ventilator monitoring intervention 

intensity is said to increase. Statistical consultation for guidance regarding the process of 
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assigning weights to specific items on the instrument and scoring procedures was 

provided by Carolyn Cason, PhD (Director, Center for Nursing Research, School of 

Nursing, University of Texas at Arlington) and  Joan Reisch, PhD (statistician, Associate 

Professor & Director Academic Computing Center, University of Texas Southwestern 

Medical School at Dallas).  

PV-MIISS scores were computed for each study patient during the first three days 

(six 12-hour shifts) of receiving mechanical ventilation following the diagnosis of ARDS. 

The mean value across these days was used as an independent variable for data analysis 

in this study. While some of the items can be measured continuously using available 

technology, others must be measured and recorded intermittently. Monitoring as an 

intervention involves the act of cognitive processing in order to interpret the data 

measured and determine whether or not action would be beneficial (Bolney & Gaba, 

1995; Pierson, 1990). Thus, while technology may allow for the continuous display of a 

measured parameter, that parameter is only truly monitored when it is incorporated into 

the cognitive processing of someone with appropriate knowledge and skill to act on the 

information. Therefore, continuously measured parameters were only counted on this 

instrument when measured values were documented in the medical record. Clearly, 

documentation of a measured parameter does not guarantee that it has been cognitively 

processed, and, conversely, measured parameters can be cognitively processed but never 

documented. Nevertheless, it would seem reasonable to conclude that documented 

parameters are more likely to have been included in some level of cognitive processing 

than those that were not documented, and that those parameters that are cognitively 
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processed are more likely to be documented than those that were not. The reliability 

performance, validity assessment, and sample scores will be presented in the next 

chapter. 

Patient-Ventilator Therapeutic Intervention Intensity 

The frequency with which some therapeutic interventions are implemented for 

patients receiving mechanical ventilation is determined in part by unit policy and/or 

physician order. In many instances, this frequency is altered at the discretion of the 

nursing staff, or in response to information collected and communicated by the nursing 

staff. The Patient-Ventilator Therapeutic Intervention Intensity Scoring System (PV-

TIISS) was developed to capture the intensity of therapeutic interventions directed at the 

patient-ventilator system for patients receiving mechanical ventilation (Appendix D). 

Following is a description of the PV-TIISS. 

Patient-Ventilator Therapeutic Intervention Intensity Scoring System (PV-TIISS) 

Development of the PV-TIISS began with the identification of therapeutic 

interventions commonly implemented for patients receiving mechanical ventilation. 

These activities are considered part of the process of care for patients receiving 

mechanical ventilation as a therapeutic intervention. Further, these items represent 

independent, interdependent, and dependent nursing actions. A total of 37 activities were 

selected based on clinical experience and a review of the literature regarding care of the 

patient receiving mechanical ventilation. 

 A panel of three expert ICU nurses (greater than 10 years experience in critical 

care nursing with national certification in their specialty) was then asked to review the list 



  

 107 
 
 

 

and rate the items on a scale of 1-3 based on their importance in promoting ventilation 

consistent with a lung protective philosophy. A score of one was given to items 

considered directly related to promoting ventilation consistent with a lung protective 

philosophy. A score of two was given to items considered indirectly related to promoting 

ventilation consistent with lung protective parameters but directly related to the 

management of the patient-ventilator system. A score of three was given to items 

considered indirectly related to promoting ventilation consistent with the lung protective 

philosophy and management of the patient-ventilator system, but important to the general 

care of a patient receiving mechanical ventilation.  

The panel’s ratings were used to group the items into three corresponding 

categories for the instrument. An item was placed in a category if rated with the 

corresponding score by two or more panel members. The final breakdown of items by 

category was as follows: 8 items in category one, 14 items in category two, and 15 items 

in category three. Items were also assigned weights (1-3) by category. Items in category 

one were assigned a weight value of three, items in category two were assigned a weight 

value of two, and items in category three were assigned a weight value of one. 

Scores for the instrument are computed at the end of each 12-hour period. When 

scoring the instrument, the medical record is reviewed to determine the number of times 

each one of the activities was documented by the nursing staff during that shift. The 

number of times each activity was documented is recorded on the instrument and 

multiplied by the corresponding weight value for the appropriate category. The overall 

score for the instrument is the sum of these weighted values across all items. As the PV-
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TIISS score increases, the patient-ventilator therapeutic intervention intensity is said to 

increase. Statistical consultation for guidance regarding the process of assigning weights 

to specific items on the instrument and scoring procedures was provided by Carolyn 

Cason, PhD (Director, Center for Nursing Research, School of Nursing, University of 

Texas at Arlington) and Joan Reisch, PhD (statistician, Associate Professor & Director 

Academic Computing Center, University of Texas Southwestern Medical School at 

Dallas).  

PV-TIISS scores were computed for each study patient during the first three days 

(six 12-hour shifts) of receiving mechanical ventilation following diagnosis of ARDS. 

The mean value across these days were used as an independent variable for data analysis 

in this study. The reliability performance, validity assessment, and sample scores for this 

instrument will be presented in the next chapter.  

Patient Outcomes 

 The patient outcomes measured in this study include compliance with lung 

protective parameters and adverse events. Explanations of these variables and 

measurement procedures are provided below. 

Compliance with Lung Protective Parameters 

 Lung protective parameters are defined as an alveolar pressure of less than or 

equal to 30 cm H2O, an SaO2 or SpO2 greater than or equal to 90%, and a tidal volume of 

less than or equal to 8ml per kg predicted body weight. Due to the challenges in 

identifying which body weight was used by the clinicians when establishing tidal volume 

targets, compliance with lung protective parameters was also assessed using a target tidal 
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volume based on actual body weight for comparative purposes. The clinical surrogates 

used for alveolar pressure are plateau pressure (during volume ventilation) and peak 

inspiratory pressure  (PIP) (during pressure ventilation).  

The medical record was reviewed to determine the proportion of time in which 

these parameters were met during each 12-hour shift. This determination was based on 

documented values of the lung protective parameters. A value for a parameter was 

considered maintained until a different value was documented. All of these parameters 

were considered collectively. That is, if a value of any one parameter fell outside the 

targeted range, even if the values of other parameters were within the targeted range, lung 

protective parameters were considered unmet. The number of hours in which the lung 

protective parameters were maintained were summed for each shift and recorded. This 

was done for each of the first three days (6 12-hour shifts) of mechanical ventilation 

following diagnosis of ARDS. A sum across these six shifts was computed. The total 

hours of mechanical ventilation during this three-day time frame was also recorded. The 

sum of hours across these three days in which lung protective parameters was met was 

divided by the total hours of mechanical ventilation during this period. This value 

represents the proportion of time in which compliance with lung protective parameters 

was maintained and served as the primary outcome and dependent variable in this study.  

Adverse Events 

 For the purposes of this study, an adverse event was defined as any unintended 

event which could have reduced, or did reduce the safety margin for the patient. This 

definition is consistent with that commonly found in the literature (Beckman, 1996). 
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Information about the incidence of adverse events was obtained from an administrative 

database at the study site. Data on safety occurrences are entered into this database by 

staff at the study site. The medical record numbers of study subjects were provided to the 

managers of the database who then provided a report of the occurrences entered for study 

subjects. The dates of the reported occurrences were compared to the dates of service 

included in the six 12-hour shifts during which data were collected for this study. Only 

occurrences that coincided with the dates of service during which data were collected 

were included in the study.  

Data Collection Procedures 

 This section will outline the data collection procedures used in the study. 

Procedures for training data collectors as well as the frequency and duration of data 

collection will be discussed.  

Training for Data Collectors 

 The data collectors for this study included 15 experienced registered nurses with 

experience in critical care nursing. Ten of the data collectors were currently practicing in 

the staff nurse role in the ICUs of the study facility, and the other five were practicing in 

expanded roles including education, administration and research. Four were certified in 

critical care nursing and one was an acute care nurse practitioner. All data collectors 

participated in a training class. During this class, an overview of the study design was 

presented and definitions of all study variables provided. All of the instruments and data 

collection tools were discussed and instructions given for completion. Following 

instruction, the data collectors completed data collection using the three instruments 
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(APACHE II, PV-MIISS, and PV-TIISS) on a sample record. Results were reviewed with 

the investigator and corrective feedback provided as indicated. At the end of the class, the 

data collectors completed data collection using the three instruments on six 12 hour shifts 

selected for inter-observer evaluation. Intraclass correlation coefficients were computed 

for each instrument and the results of this analysis are presented in the next chapter. 

 The investigator performed the initial screening of the medical records of the 446 

potential subjects identified based on ICD-9 codes for eligibility as described previously. 

In the majority of cases, the nursing documentation portion of the medical record was 

only available on microfilm. For all eligible subjects, the nursing documentation was 

requested from the Health Information Management (HIM) department, and copies of the 

microfilm documents were made to facilitate data collection.  The time of diagnosis was 

confirmed and the six shifts to be included in data collection were identified by the 

investigator.  All eligible patients were enrolled. The data collectors were given copies of 

the medical records of eligible subjects and asked to complete three instruments for the 

designated six shifts. Acute physiology scores (APS) for the each of the six shifts were  

also computed. When computing the APS score for this instrument, the worst values 

recorded within each 12 hour shift were used.  

The investigator evaluated each record to determine compliance with lung 

protective parameters. To assess compliance with the lung protective parameters, all 

documented values of VT, Pplat  (or PIP as indicated), SaO2, and SpO2 for each 12-hour 

shift were reviewed, and the time that each parameter was documented was noted. 

Whenever one or more of the parameters was found to fall outside targeted values, a 



  

 112 
 
 

 

determination was made as to the length of time in which the parameter(s) fell outside the 

target. A parameter was considered to remain outside the target until a value that met the 

target was recorded. This duration was measured in hours. The sum of the episodes of 

noncompliance were computed for each parameter each shift. Then, the total number of 

hours in which all three parameters were collectively within the target range was 

computed. This value was recorded as the total time of compliance for the shift. This was 

computed twice for each shift, once using the target tidal volume based on predicted body 

weight and once using the target tidal volume based on actual body weight. The total 

number of hours receiving mechanical ventilation during the six shifts was also recorded 

on the subject enrollment form (Appendix E). The total number of hours of compliance 

with lung protective parameters for the six shifts was then divided by the total number of 

hours of mechanical ventilation for the six shifts. The resulting proportion served as the 

primary outcome variable for the study. 

Protection of Human Subjects 

 Protection of the rights and welfare of human subjects is of paramount importance 

and should be guided by the ethical principles of respect for persons, beneficence, and 

justice as discussed in the landmark Belmont Report (1974). To assure that the study 

would not violate such principles or pose undue threat to the rights and welfare of human 

subjects, it was presented for review and approval by four entities. Approval to conduct 

the study was sought and obtained from the following: 1) The University of Texas at 

Austin School of Nursing Department Review Committee, 2) The University of Texas at 



  

 113 
 
 

 

Austin Institutional Review Board (IRB), 3) Parkland Health & Hospital System, and 4) 

The University of Texas Southwestern Medical Center IRB. 

 The Department of Health and Human Services (DHHS) has published federal 

regulatory guidelines for protection of human subjects (Title 45 CFR 46). In these 

guidelines, research involving minimal risk to human subjects is defined as that in which, 

“the probability and magnitude of harm or discomfort anticipated in the research are not 

greater in and of themselves than those ordinarily encountered in daily life or during the 

performance of routine physical or psychological examinations or tests”. Title 45 CFR 

further identifies nine categories of research that are considered minimal risk. One such 

category is described as, “Research involving materials (data, documents, records, or 

specimens) that have been collected or will be collected solely for nonresearch purposes 

(such as medical treatment or diagnosis)”. This study was consistent with this definition 

as it involved analysis of data collected during the routine care of subjects. The decisions 

related to the care of study subjects were not altered as a result of the study. The subjects’ 

closed medical record were reviewed for data abstraction. Data were entered into an 

electronic database that is password protected. Hard copies of data as well as the subject 

code number assignments have been stored in a locked file cabinet in the investigator's 

office. No uniquely identifiable information have been or will be reported. Thus the risk 

associated with participation in the study was determined to be minimal by the IRBs 

involved.  

Title 45 CFR 46 also indicates that, under certain circumstances, an IRB has the 

authority to waive the requirement for written informed consent. Such circumstances 
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include the following: a) that the research involves no more than minimal risk; b) the 

waiver will not adversely affect the rights and welfare of the subjects; c) the research 

could not practicably be carried out without the waiver; and, d) whenever appropriate, the 

subjects will be provided with additional pertinent information after participation.  The 

study satisfied these conditions and thus a waiver of written informed consent will be 

requested and obtained from the IRBs involved.  

Statistical Analysis 

Statistical analysis of the data in this study was conducted using the Statistical 

Software for the Social Sciences (SPSS) version 10.0. In this retrospective study, a 

nonprobability sample was studied, thus findings from the data cannot be generalized to 

the whole population of  ARDS patients. Analyses for the individual research questions 

are described in detail below. 

Research Question #1:What are the relationships between compliance with 

lung protective parameters, monitoring intervention intensity, severity of illness, 

and intensity of therapeutic intervention in patients with ARDS receiving 

mechanical ventilation? 

The first research question involves a global assessment of the relationships 

between compliance with lung protective parameters and nursing processes. Specifically, 

it involves quantification of the relationship between a model with a patient characteristic 

variable, two process measures and an outcome variable. Simple descriptive statistics 

were used to describe the sample with respect to each study variable and assess for 
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normality in the distributions of study variables. The Kolmogorov-Smirnov test for 

departure from normality was also used to assess the distribution of study variables.  

Multiple regression analysis is a statistical tool for evaluating the relationship of 

two or more independent variables to a single, continuous dependent variable 

(Kleinbaum, Kupper, Miller, & Nizam, 1998). The outcome variable (compliance with 

lung protective parameters) is considered to be a function of process variables.  Two 

nursing process variables (patient-ventilator monitoring intervention intensity and patient 

ventilator therapeutic intervention intensity) were included in this model, along with the 

potentially confounding variable, severity of illness. Risk of abdominal compartment 

hypertension was identified as an extraneous variable and subjects identified to be at risk 

for abdominal compartment hypertension were subsequently excluded from the analysis. 

Specifically, the regression model analyzed was as follows: Compliance with Lung 

Protective Parameters = β0 + βAPACHE II + βPV-MIISS + βPV-TIISS.  

Process and outcome measures were taken for each of the first six shifts following 

diagnosis with mechanical ventilation and aggregated to mean values for analysis. Partial 

correlations were used to determine the strength and direction of associations 

demonstrated among the model variables. The t test was used to determine if the beta 

coefficients were significant and R2 was used to determine the amount of variance 

accounted for by the proposed model. Finally, the F statistic was used to determine the 

goodness of fit of the model. The alpha for all significance testing was set at 0.05.  
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Research Question #2: What are the characteristics of adverse events reported in 

patients with ARDS receiving mechanical ventilation? 

 The second research question involves a description of the nature of the adverse 

events reported in patients with ARDS receiving mechanical ventilation. A case report 

approach was used due to the small number of adverse events reported in the sample 

(n=2). The events are described as reported in an administrative database and subject 

severity of illness, monitoring intensity, and therapeutic scores during the shift of 

occurrence are presented. In this context, neither detailed description nor statistical 

inference was feasible. 

Research Question #3: What are the psychometric properties of the PV-MIISS and 

PV-TIISS Instruments? 

 Since each of the process measures was newly developed for this study, the 

psychometric properties of each were explored. This exploration involved an assessment 

of reliability and validity. The intraclass correlation coefficient is an ANOVA-type model 

for testing the pattern of scoring among a group of judges (SPSS Inc., 1999) and was 

used to assess inter-observer reliability for this study using the SPSS 10.0 software. 

Specifically, a two-way random effects model for absolute agreement was based on the 

assumption that both sources of variation come from a random pool. Application of this 

model results in an intraclass correlation coefficient ranging from -1to 1. As with other 

reliability coefficients, reliability is said to increase as the value of the intraclass 

correlation coefficient increases (Pedhauzer & Schmelkin, 1991; SPSS, Inc., 1999).  
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Concurrent validity refers to the extent to which performance on one measure can 

be used to estimate performance on another measure (Waltz, Strickland, & Lenz, 1991) 

and generally involves measuring the correlation between instruments that measure 

phenomena assumed to be associated. The assumption that sicker patients receive more 

intervention has been previously used as the basis for assessing concurrent validity of 

both severity of illness and therapeutic intervention instruments (Cullen et al., 1974; 

Knaus et al., 1981b) and served as the basis for assessing concurrent validity of the PV-

MIISS and PV-TIISS in this study as well. The validity of the PV-MIISS and PV-TIISS 

for this study was assessed using Pearson correlation analysis. Specifically, correlation 

coefficients for acute physiology scores (APS) and scores on the PV-MIISS and PV-

TIISS for each of the six shifts were used. Results of these correlations will be presented 

in the next chapter. 

Threats to Validity 

 Internal validity refers to the extent to which the effects on the dependent variable 

can be attributed to the independent variable(s) (Pedhazur & Schmelkin, 1991; Polit & 

Hungler, 1987; Woods & Catanzaro, 1988). To the extent that extraneous variables are 

not controlled, internal validity is said to be threatened, and the relationship between 

independent variables and the dependent variable challenged (Polit & Hungler, 1987). 

The randomized clinical trial (RCT) is generally acknowledged as the “gold standard” of 

designs aimed at evaluating treatment effectiveness because of the strict control imposed 

on treatment (independent) variables and random assignment into groups Mark, Salyer, & 

Geddes (1997. 
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 In the RCT, extraneous variables may be controlled through the application of 

strict inclusion and exclusion criteria. Extraneous variables that cannot be controlled are 

often called confounding variables (Talbot, 1995). During random assignment, 

confounding variables are thought to be randomly distributed between groups of subjects. 

Thus, random assignment maximizes the possibility of comparability between groups and 

minimizes the possibility that observed outcomes result from anything other than the 

intervention of interest. Without random assignment, the possibility of a biased 

distribution of confounding variables between groups exists. 

In the setting of nonexperimental designs in which both manipulation and random 

assignment are lacking, confounding poses a significant threat to internal validity. Absent 

random assignment, the possibility of a biased distribution of confounding variables 

between groups exists. This bias is known as selection bias and is considered the biggest 

threat to the internal validity of such designs (Kane, 1997; Mark & Salyer, 1999). In this 

context, outcomes researchers must carry the burden of responsibility for incorporating 

appropriate measures to enhance the comparability of comparison groups (Kane, 1997).  

 In nonexperimental designs, methods to control for the effects of confounding 

include risk adjustment and the use of multivariate regression analysis techniques (Kane, 

1997; Kleinbaum et al., 1998). This requires a conceptual model of the factors believed to 

influence outcomes and careful planning to ensure that analyzable data on these factors 

are collected (Kane, 1997). When such data are collected, multivariate regression 

techniques can be used to disentangle the treatment effects from confounding effects. 

Using these techniques, an initial estimate of association between study variables is 
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obtained when the extraneous variables are left out of the analysis (crude estimate) 

(Kleinbaum et al., 1998). A second estimate of association between study variables is 

then obtained with the extraneous variables included in the analysis (adjusted estimate). 

Crude and adjusted estimates of association are then compared to detect meaningful 

differences. Confounding is said to exist if there are meaningful differences between 

crude and adjusted estimates (Kleinbaum et al., 1998). In the presence of confounding, 

extraneous variables must be included in the statistical analysis. 

Based on the initial review of the literature, severity of illness was identified as a 

potential confounding variable and was thus included in the statistical analysis. Etiology 

of ARDS due to pulmonary versus extrapulmonary factors was also identified as a 

potential confounding variable and attempts were made to include this variable in the 

model as well. In the course of data collection, however, it became apparent that many 

subjects experienced some degree of overlap between these two mechanisms e.g. 

pneumonia and sepsis. Given the retrospective nature of the study it was frequently not 

possible to determine the exact etiology of the ARDS from documentation in the medical 

record. This has been identified as an obstacle by other investigators as well in this 

population (Callister & Evans, 2002). Consequently, this likely confounding variable was 

not included in the model.  

Abdominal compartment hypertension was identified as a likely extraneous 

variable following completion of data collection. Implementation of lung protective 

ventilation in the setting of abdominal compartment hypertension involves either the use 

of different clinical surrogates as proxies for alveolar pressure or different targets for the 
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traditional surrogates (plateau pressure and peak inspiratory pressure) (Mims, 2001). 

Abdominal compartment pressures were not routinely measured and recorded in the 

nursing documentation during the data collection time period and could not be directly 

included in the model. In a review of identified causes of abdominal compartment 

hypertension, trauma-related diagnoses and bowel–related diagnoses were identified as 

high risk factors (Cheatham, 1999;  Malbrain et al., 2000; Malbrain & Bakajika, 1999; 

Mims, 2001). Subjects were then categorized for risk of abdominal compartment 

hypertension based on the presence of these recorded diagnoses. Once identified, these 27 

subjects were excluded and an analysis based on the reduced sample of 38 subjects was 

completed.  

The inclusion of the potential confounding variable, severity of illness, in the 

model, along with the exclusion of subjects at risk for the confounding variable of 

abdominal compartment hypertension were employed to strengthen the study and reduce 

the threat to internal validity. Given the inability to accurately discriminate between 

subjects with ARDS secondary to pulmonary and extrapulmonary causes, some degree of 

threat persists and poses a limitation to the study.  

Summary 

 This chapter outlined the research design and data collection procedures for this 

study. The retrospective, nonexperimental design utilized to explore the relationships 

between nursing process variables (patient-ventilator monitoring intensity and patient-

ventilator therapeutic intervention intensity), and patient outcomes (compliance with lung 

protective parameters) in a convenience sample of 67 subjects presenting with ARDS in a 



  

 121 
 
 

 

large academic county medical center was described. The sample was described and the 

associated limitation to generalizability was identified. The regression equation utilized 

to address the first research question was presented along with strategies employed to 

address the potential confounding effects of other risk factors including severity of illness 

and abdominal compartment hypertension. The methodology to describe and report the 

nature of adverse events reported in this population was also presented. 

 A summary of the development of two new tools (PV-MIISS and PV-TIISS) to 

measure aspects of nursing process for patients receiving mechanical ventilation was 

presented and the methodology for assessing reliability and validity described .The 

APACHE II was presented as the selected measure of severity of illness and documented 

evidence of acceptable reliability and validity provided. Procedures for identification of 

potential subjects, subject enrollment and data extraction were outlined. The training 

process for data collectors was described along with the methodology to measure the 

primary outcome variable. Procedures for protection of human subjects were described, 

and justification for requesting waiver of written consent forms was provided.  
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Chapter IV 

Presentation, Analysis and Interpretation of the Data 

 The results from the data collection process and statistical procedures applied to 

the data are examined in this chapter. The findings and their interpretation are presented 

according to the research questions. 

Research Question 1 

 What are the relationships between compliance with lung protective 

parameters, monitoring intervention intensity, severity of illness, and intensity of 

therapeutic intervention in patients with ARDS receiving mechanical ventilation? 

Descriptive statistics and multiple regression analysis were used to answer this 

question. Descriptive statistics for the study variables are presented first, followed by the 

results of the regression analysis. Based on the findings from the planned analyses, the 

decision was made to exclude a selected subgroup from the sample and repeat the 

regression analysis on the reduced sample. A summary discussion of the interpretation of 

the findings is presented at the end of this section.  

Severity of Illness 

The total APACHE II score was used as the measure of severity of illness in the 

regression model. Acute Physiology Scores (APS) for each shift were computed and are 

used here for descriptive purposes. The results of the descriptive analysis of severity of 

illness are presented in Table 4.1. APACHE II scores were normally distributed as 

evidenced by the Kolmogorov-Smirnov test with Lillifors correction statistic of 0.088 

(p=0.200) (see Figures 4.1). The range of possible scores on the APACHE II instrument 
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is 0-71 (Knaus et al., 1985a) and values ≥15 are associated with moderate severity 

(Knaus et al., 1986).  The scores for the study sample ranged from nine to 40 (mean 24 

±5.9) and were similar between subjects receiving both types of ventilation (volume = 24 

± 5.2, pressure = 24.7 ± 6.4).  A mean score above the moderate severity cut off is 

consistent with samples of ARDS subjects in other trials which have reported sample 

means from 17 (±7) to 28 (±7) (Amato et al., 1995; Amato et al., 1998; Brochard et al., 

1998; Carvahalo et al., 1997; Cooper et al., 1997; Hickling, 1994; Hickling, 1995; 

Rapport et al., 1994; Stewart et al., 1998). APS scores were highest during the first shift 

following diagnoses (24.39 ±5.87) followed by a very gradual downward trend (see 

Figure 4.2) with the lowest values noted on the sixth shift (18.57 ±5.26).  

 

Table 4.1 

APACHE II and Acute Physiology Scores (APS) for Subjects Over Times (Six 

Consecutive 12-Hour Shifts Following Diagnosis with ARDS) 

      APACHEE II    APS 

     1 2 3 4 5 6 

Mean   24.39  22.36 20.06 20.57 18.91 18.58 18.57 

SD    5.87    6.03   5.31   5.05   5.27   5.22   5.26 

SEM    0.72    0.74   0.65   0.62   0.64   0.64   0.64 

Minimum   9.00   9.00   3.00  6.00  7.00  7.00  9.00 

Maximum  40.00  38.00 32.00 30.00 30.00 28.00 29.00 

Note. N=67; SD = standard deviation; SEM = standard error of the mean. 



  

 124 
 
 

 

Apache II Scores

40.0
37.5

35.0
32.5

30.0
27.5

25.0
22.5

20.0
17.5

15.0
12.5

10.0

Co
un

t
16

14

12

10

8

6

4

2

0

Std. Dev = 5.87  
Mean = 24.4

N = 67.001
2

5

11

4

14

12

7

44

2
1

Figure 4.1. Histogram of APACHE II scores for the full sample at the time of diagnosis 

with ARDS. Scores ranged from 9 to 40. 

 

According to Knaus et al. (1985a) each five point change represents a change in 

risk of mortality and severity of illness. In this sample, the mean APS scores decreased 

by slightly more that five points (5.8) between the first and sixth shifts suggesting 

perhaps a small and gradual decrease in severity of illness over this time period. This is 

consistent with the typical clinical presentation of ARDS in which there is a sudden onset 

of respiratory deterioration resulting in acute changes in many physiologic parameters 

requiring increasing ventilatory support. By definition, these patients experience 
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refractory hypoxemia that does not respond rapidly to treatment. Thus, even responders 

to treatment would not experience rapid normalization of physiologic parameters. 
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Figure 4.2. Mean Acute Physiology Scores (APS) for the full sample of 67 subjects with 

ARDS for each of the six consecutive 12-hour shifts recorded. 

 

Monitoring Intervention Intensity 

The mean score on the PV-MIISS instrument across all six shifts was used as the 

measure of monitoring intervention intensity in the regression model. Mean PV-MIISS 

scores across all shifts and for each shift individually were computed and are used here 

for descriptive purposes. The results of the descriptive analysis of monitoring 

intervention intensity are presented in Table 4.2. Mean PV-MIISS scores were normally 
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distributed as evidenced by the Kolmogorov-Smirnov with Lillifors significance 

correction statistic of 0.105 (p=0.064) (see Figures 4.4-4.5) and ranged from 205.33 to 

334.33 in this sample (mean 256.6393±24.64790).  Individual shift scores ranged from 

127 to 550 with the highest score occurring on the first shift following diagnosis with 

ARDS.  

Table 4.2 

Patient-Ventilator Monitoring Intervention Intensity Scores (PV-MIISS) for Subjects 

Over Time (Six Consecutive 12-Hour Shifts Following Diagnosis with ARDS) 

   1 2 3 4 5 6 Mean 

Mean   266 246 264 260 250 254 257 

SD    57  36  42  35  34  28  25 

SEM     7   4   5   4   4   3   3 

Minimum  170 127 185 199 179 195 205 

Maximum  550 366 418 380 361 343 334 

Note. N = 67; SD = standard deviation; SEM = standard error of the mean. 

While there was a wide range of scores within each shift, the mean scores for the 

whole sample across the six shifts were similar, ranging from 246 to 266. This finding is 

consistent with the work of Knaus et al., (1981) who used the original Therapeutic 

Intervention Scoring System (TISS) over 20 years ago to describe the range of services 

provided in the intensive care environment. The original TISS, after which both the PV-

MISS and PV-TISS were modeled, included monitoring activities as therapeutic 

interventions. The instrument contained 73 items that were weighted on a scale from 0 to 
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4 and was scored much like the instruments used in this study. Knaus and his colleagues 

used this instrument to measure therapeutic intervention for the first 16 hours of each day 

during each patient’s entire stay in the ICU. Data were collected from 624 consecutive 

admissions to a 16-bed medical surgical ICU over eight months. Analysis of their data 

revealed different utilization patterns within subgroups. While most other subgroups 

demonstrated increased TISS scores on the day of admission followed by a sharp decline 

on day two, patients admitted with respiratory problems sustained their scores for longer 

periods of time (>12 shifts) before decreasing their scores.  
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Figure 4.3. Histogram of mean Patient –Ventilator Monitoring Intervention Intensity 

Scoring System (PV-MIISS) scores in the full sample of subjects across the six 

consecutive 12-hour shifts following diagnosis with ARDS.  
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Therapeutic Intervention Intensity 
 

The mean score on the PV-TIISS instrument across all shifts was used as the 

measure of therapeutic intervention intensity in the regression model. Mean PV-TIISS 

scores across all shifts and for each shift individually were computed and are used here 

for descriptive purposes. The results of the descriptive analysis of therapeutic 

intervention intensity are presented in Table 4.3. Mean  PV-TIISS scores were normally 

distributed as evidenced by the Kolmogorov-Smirnov statistic with Lillifors significance 

of 0.093 (p=0.200) (see Figure 4.4) and ranged from 29 to 73.5 in this sample (mean 46 ± 

9.). Average scores for individual 12-hour shifts ranged from 39 to 61.  

 

Table 4.3 

Patient-Ventilator Therapeutic Intervention Intensity Scores for Subjects Over Time (Six 

Consecutive 12-Hour Shifts Following Diagnosis with ARDS) 

   1 2 3 4 5 6 Mean 

Mean    62  50  44  40  39  43  46 

SD    25  28  14  16  14  19    9 

SEM      3    3    2    2    2    2    1 

Minimum     9  14  18    7  13  13  29 

Maximum  118 226  74  85  85  90  74 

Note. N = 67; SD = standard deviation; SEM = standard error of the mean. 
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The intensity of therapeutic intervention in this sample was highest on the first 

shift following diagnosis and decreased somewhat over the next five shifts. As stated 

previously, this pattern of increased intervention on admission followed by a more 

gradual decline in intervention intensity is consistent with the patterns of utilization for 

respiratory patients described by Knaus et al.(1981). Given the finding that severity of 

illness was also highest during the first shift, this is not surprising. One would expect 

therapeutic intervention to be highest when severity of illness is highest.  
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Figure 4.4. Histogram of mean Patient-Ventilator Therapeutic Intervention Intensity 

Scoring System (PV-TIISS) Scores for the full sample across the six consecutive 12-hour 

shifts following diagnosis with ARDS. 
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Outcome Variables 

 The primary outcome variable for this study is compliance with lung protective 

parameters. This was measured as the proportion of time during the first six shifts 

following diagnosis with ARDS arterial oxygen saturation was maintained at 90% or 

above, tidal volume was maintained at 8cc/kg body weight or less, and peak alveolar 

pressure (measured as plateau pressure for volume ventilation and peak inspiratory 

pressure for pressure ventilation) was maintained at ≤ 30 cmH2O. Summary data will be 

presented on these parameters individually and collectively for descriptive purposes. The 

total time possible for each subject was based on the number of hours during the six shifts 

(72 hours) that mechanical ventilation was used as an intervention. Sixty-one subjects 

(91%) received mechanical ventilation for the entire 72 hours and none of the subjects 

received less than 67 hours of mechanical ventilation during the six shifts. 

Oxygen Saturation 

 The first variable contributing to compliance with lung protective parameters was 

oxygen saturation. The total number of hours in which SAO2 was maintained at 90% or 

above across all six shifts as well as the total for each of the 12-hour shifts are presented 

in Table 4.4. The mean proportion of time compliance with the oxygen saturation target 

was maintained in this sample was 0.96 (±0.14). The incidence of compliance with the 

recommended target for oxygen saturation was high in this sample. Thirty-eight subjects 

(56.7%) maintained compliance throughout the entire six shifts, and only 4 subjects (6%) 

fell out of compliance for more than 10% of the time. This was not surprising as 

maintaining an SAO2 ≥ 90% has been standard clinical practice for many years. A more 
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liberal SAO2 target of ≥ 85% has been proposed by some advocates of the lung protective 

philosophy (Hickling et al., 1994) in effort to achieve better compliance with the targets 

for tidal volume and alveolar pressure. At the time of this study, the more conservative 

target seemed to predominate at this facility.  

 

Table 4.4 

Hours of Compliance with the Oxygen Saturation Parameter Over Time (Six Consecutive 

12-Hour Shifts Following Diagnosis with ARDS) 

  
   1 2 3 4 5 6 Totala Proportionb 
 
 
Mean   11.15 11.78 11.51 11.87 11.87 11.79 69.96 0.98 

SD    2.05  0.76  1.96  0.67  0.67  0.83  5.06 0.70 

SEM    0.62  0.25  0.24  0.08  0.08  0.10  0.62  0.01 

Minimum     1  7  0   7   7   7   35  0.49 

Maximum   12 12 12 12 12 12 72  1.00 

Note. N = 67; SD = standard deviation; SEM = Standard error of the mean.  

aTotal = a sum of the hours of compliance across all six shifts. bProportion = the total 

hours of compliance divided by the total hours of mechanical ventilation across the same 

period of time. 
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Tidal Volume 
 
 The second variable contributing to compliance with lung protective parameters 

was tidal volume. The target tidal volume consistent with a lung protective philosophy of 

mechanical ventilation cited in the literature ranges from 4-8 cc/kg body weight 

(Brochard et al., 1998; Brower et al., 1999; Stewart et al., 1998; Ware & Matthay, 2000). 

For this study, a conservative target of ≤ 8cc/kg body weight was set. As previously 

discussed, the house staff at the study facility were encouraged by their supervising 

faculty physicians to set tidal volume targets of 6-8 cc’s/kg of body weight and to use an 

estimate of ideal body weight “as indicated”. No specific formula or methodology for 

estimating ideal body weight was provided. Thus, the exact measure of body weight used 

by clinicians to prescribe tidal volume for specific subjects was not able to be determined 

with any degree of precision. It is likely that actual body weight was used for some 

subjects while an estimate of ideal body weight was used for others. Consequently, 

compliance with the tidal volume parameter was assessed using both actual and predicted 

body weight in this study for comparative purposes. Two tidal volume targets were thus 

established for the purposes of evaluation. One target was computed by multiplying each 

subject’s actual body weight in kilograms by 8, and the second target was computed by 

multiplying each subject’s predicted body weight by 8.  Mean total hours of compliance 

across all shifts, mean proportion of time compliant across all shifts, and mean total hours 

of compliance for each individual shift are presented in Tables 4.5-4.6. Mean compliance 

with this parameter was 41% in this sample when predicted body weight was used to set 

the target tidal volume and mean compliance was 68% when actual body weight was 
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used. Compliance was never achieved in 24 (35.8%) subjects when predicted body 

weight was used to determine the target tidal volume, while only 8 (11.9%) failed to 

achieve compliance based on the target set using actual body weight. Conversely, only 10 

subjects achieved compliance 100% of the time based on the predicted body weight 

target while 23 subjects achieved compliance 100% of the time based on the actual body 

weight target.  

Table 4.6 
Hours of Compliance with the Tidal Volume Parameter Over Time (Six Consecutive 12-

Hour Shifts Following Diagnosis with ARDS) Based on Predicted Body Weight 

   1 2 3 4 5 6 Total Proportion 

Mean   3.73 4.54 5.28 5.46 5.28 5.01 29.31 0.41 

SD   4.93 5.53 5.57 5.83 5.71 5.64 29.50 0.41 

SEM   0.60 0.68 0.68 0.71 0.70 0.60 3.60 1.00 

Minimum  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Maximum  12 12 12 12 12 12 72 1.00 

Note. N= 67. SD = standard deviation. SEM = standard error of the mean.  

aTotal = sum of hours of compliance with the tidal volume parameter across all six shifts. 

bProportion = the total hours of compliance divided by the total hours of mechanical 

ventilation for the same period of time. 

Unlike the target for SAO2, the target tidal volumes within the lung protective 

philosophy of ventilation represented a relatively new change in standard clinical practice 

at the time of the study. Not surprisingly then, the incidence of compliance with this 
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parameter was not as high in the study sample. Prior to the trend toward the lung 

protective philosophy of ventilation, standard tidal volumes were in the range of 10-15 

cc/kg. Average tidal volumes across the six shifts ranged from 3-11cc/kg (mean=7 ±1.8) 

when based on actual body weight and from 5-15cc/kg (mean=9± 2.2) based on predicted 

body weight. However, 75% (50) of the subjects had mean tidal volumes within the 

8cc/kg target across the six shifts based on actual body weight and 40% (27) fell within 

this range based on predicted body weight. While these values may not reflect complete 

adoption of the lung protective philosophy, they do suggest a change in practice patterns 

toward lower tidal volumes.  

Table 4.6 

Hours of Compliance with the Tidal Volume Parameter Over Time (Six Consecutive 12-

Hour Shifts Following Diagnosis with ARDS) Based on Actual Body Weight 

   1 2 3 4 5 6 Totala Proportionb 

Mean   7.70 8.19 8.22 8.73 8.39 8.46 49.70 0.68 

SD   5.02 5.18 5.01 5.01 5.30 5.21 25.47 0.36 

SEM   0.61 0.63 0.62 0.62 0.65 0.64   3.11 0.04 

Minimum  0 0 0 0 0 0 0 0 

Maximum  12 12 12 12 12 12 72 1.00 

Note. N = 67. SD = standard deviation. SEM = Standard error of the mean.  

aTotal = sum of hours of compliance across all six shifts. 

bProportion = total hours of compliance across the six shifts divided by the total hours of 

mechanical ventilation for the same period of time. 
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The lack of an explicit methodology for estimating an ideal body weight and 

target tidal volume at the study site posed limitations to a more precise evaluation of 

compliance with this parameter. The use of a different methodology to estimate an ideal 

body weight may have resulted in a higher incidence of compliance. Actual body weight 

was clearly not used for all subjects when prescribing tidal volume as evidenced by the 

fact that those subjects who were significantly overweight had much lower tidal volumes 

than would have been prescribed based on that methodology. Some estimate of “ideal” or 

recommended body weight was very likely used but the formula was not documented. 

Absent that documentation it was not possible to perform a comparison to the formula 

that was used to compute predicted body weight by the data collectors in this study. Thus, 

it is conceivable that a target of ≤8cc/kg was set and achieved in the mind of the 

prescribing clinician but not counted as compliant by the data collectors in this study. In 

this context, the clinician would not likely initiate any therapeutic intervention in 

response to the monitored variable. 

 Interestingly, the mean difference between the target tidal volume based on the 

predicted body weight computed by the study data collectors and the subjects’ mean 

actual tidal volume across all shifts was-65±135cc’s (range -333 to 274). It is conceivable 

then, that, although not identical, the two formulas to compute an estimate of “ideal” or 

predicted body weight yielded similar results. Actual mean tidal volume exceeded the 

target based on this formula in 70% of the subjects, however, only about 46% of the 

subjects had an excess of more than 100cc’s. The formula for predicted body weight used 
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in this study appeared to yield lower target tidal volumes than those used by the 

prescribing clinicians. The incidence of noncompliance with the tidal volume parameter 

in this study might therefore be attributed in part to differences between formulas used to 

compute predicted body weight.  

Peak Alveolar Pressure 

The third variable contributing to compliance with lung protective parameters is 

peak alveolar pressure. The target peak alveolar pressure consistent with the lung 

protective philosophy of ventilation cited in the literature is ≤ 30-35 cmH20 (Slutsky, 

1993). The limit set for this study was ≤ 30 cmH2O.  The clinical surrogate  used to 

reflect peak alveolar pressure in this study, as recommended by Brochard et al. (1998) 

and Slutsky (1994) were plateau pressure (or subjects receiving volume ventilation) and 

peak inspiratory pressure (for subjects receiving pressure ventilation). Mean total hours 

of compliance across all shifts, mean proportion of time compliant across all shifts, and 

mean total hours of compliance for each individual shift are presented in Table 4.7. 

Twenty-nine subjects (43.3%) never achieved a peak alveolar pressure ≤ 30 cmH20 

during the six shifts, and only 6 subjects (9%) maintained compliance ≥90% of the time. 

As in the case of the tidal volume targets, the lung protective target of ≤ 30 

cmH20 represented a relatively new change in standard clinical practice at the time of the 

study. Prior to the trend toward the lung protective philosophy of ventilation, targets 

around alveolar pressure were not set and plateau pressure was not routinely recorded or 

reported by the nursing staff. In this context, it is difficult to determine if the alveolar 

pressures in this sample reflect a change in practice trends for the study facility or not. 
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Interestingly, unlike other frequently monitored airway pressure and ventilator 

parameters, there was not a designated place on the nursing flowsheet to document 

plateau pressure. Thus, if measured, it must be recorded in a space designated for another 

parameter and hand labeled. While the parameter may have been measured by the 

respiratory therapist, the value would have been recorded electronically and not available 

by hard copy for up to 24 hours. Interestingly, plateau pressure was only explicitly 

documented in the nursing documentation on 3-6% of the subjects who were primarily 

ventilated with volume ventilation each shift. Static effective compliance and peak 

inspiratory pressure, which do have designated spaces on the flowsheet, were consistently 

recorded on more than 50% of the subjects receiving volume ventilation each shift. Since 

computation of static effective compliance requires a measurement of plateau pressure, 

one can argue that the incidence of measurement must be the same. In the absence of an 

explicitly documented value, however, plateau pressure would seem to be a hidden target 

and not likely utilized for guiding clinical management of the ventilator.  

The average alveolar pressure across all shifts for the subjects in this sample 

ranged from 18 to 64 cmH2O (mean = 36±8.2). Only 27% of the subjects had mean 

alveolar pressures of ≤ 30 cmH20 across the six shifts. Forty-eight percent of the subjects, 

however, had mean alveolar pressures ≤ 35 cmH20 which is the more liberal target for 

alveolar pressure accepted by some advocates of the lung protective philosophy of 

ventilation (Slutsky, 1993). Interestingly, it was noted that the values of the surrogate 

measures for peak alveolar pressure in some patients were unusually high in the context 

of a lung protective philosophy. Further, there was frequently no manipulation of tidal 
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volume in attempt to lower these values, and in instances when the set tidal volume was 

within the lung protective target, the pressures remained higher than expected based on 

the investigator’s experience. Further, higher values of PEEP seemed to be incorporated 

in the management of these subjects. In essence, these subjects seemed to be managed 

differently than others where manipulation of tidal volume in response to high alveolar 

pressure was more evident. It was also noted that these subjects were almost exclusively 

treated in the surgical ICU. Figures 4.5 and 4.6 illustrate the differences in peak alveolar 

pressure and delivered tidal volume noted in the subjects treated in the SICU compared to 

the other units. 

Since the recommendation by the ARDS Network (2000) to adopt lung protective 

strategies for ventilation of patients with ARDS, concern has been raised regarding the 

validity of the alveolar pressure targets in the setting of increased pleural pressure (Mims, 

2001). The use of plateau pressure as a surrogate for alveolar pressure and the risk of 

overdistension is based on the relationship between transpulmonary pressure, alveolar 

pressure, and alveolar volume. In the normal lung, when pleural pressure is zero, 

transpulmonary pressure and alveolar pressure are equivalent. In this setting, a 

transpulmonary pressure above 30-35cmH20 will likely result in alveolar overdistention. 
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Figure 4.5.  Mean peak alveolar pressure for the full sample of 67 subjects across the six 

consecutive 12-hour shifts following diagnosis with ARDS by the nursing unit in which 

they were treated. 

When pleural pressure is elevated, however, this relationship does not hold true. 

Elevated pleural pressure will increase alveolar pressure as measured by plateau pressure 

without a concomitant increase in transpulmonary pressure or alveolar volume. (Mims, 

2001). In the setting of elevated pleural pressure, plateau pressure does not equate with 

transpulmonary pressure, and does not accurately reflect the risk of alveolar 

overdistension. Likewise, elevated plateau pressure and/or peak inspiratory pressure does 

not always reflect noncompliance with the lung protective philosophy. To the contrary, it 

is believed that, when intrathoracic pressure significantly exceeds transpulmonary 
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pressure, ventilation of the lung at plateau pressure values within the traditional lung 

protective target may result in alveolar collapse at end-expiration. This situation results in 

an increase in shearing forces as the alveolar are re-expanded with each new inspiration. 

The recommended approach to circumvent this risk is the use of high PEEP pressures to 

stabilize the alveoli across the respiratory cycle. This approach often results in plateau 

pressures and/or peak inspiratory pressures above 30-35 cmH20 (Levy, 2002; Mims, 

2001; Ricard, Dreyfuss & Saumon, 2002).  
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Figure 4.6 Mean delivered tidal volume for the full sample of 67 subjects across the six 

consecutive 12-hour shifts following diagnosis with ARDS by the nursing unit in which 

they were treated. 
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One clinical condition commonly encountered in the ICU that results in elevated 

pleural pressure is abdominal compartment hypertension (Bloomfield et al., 1997; 

Cheatham, 1999; Malbrain, 2000; Malbrain & Bakajika, 1999). The incidence of this 

condition has been estimated to be as high as 30% in surgical ICU patients (Mims, 2001). 

Patients with abdominal compartment hypertension thus have altered respiratory 

mechanics that may render the lung protective targets difficult to achieve, and may even 

be contraindicated. Responses by prescribing clinicians to plateau and peak inspiratory 

pressures in excess of 30 cmH20 would be expected to differ based on the presence or 

absence of abdominal compartment hypertension.  

 At the time of this study, abdominal compartment pressure was not routinely 

measured in the clinical area at the study facility and was therefore not included as a 

demographic variable. This precluded the ability to exclude subjects with known 

abdominal hypertension. It was noted, however, that among the admitting diagnoses of 

the sample, there were known risk factors for abdominal compartment hypertension 

including multiple trauma, burn trauma, and bowel obstruction (Malbrain, 2000; Mims, 

2001). A total of 27 subjects (42%) were admitted with these diagnoses and thus were at 

risk for elevation of abdominal compartment pressure. Of these 27 subjects, 20 (74%) of 

them were treated in the SICU. In this context, it seems reasonable to conclude that for 

some portion of the total sample, the target plateau pressure and/or peak inspiratory 

pressure of ≤ 30 cmH2O may not have been a valid indicator of compliance with the lung 

protective philosophy of ventilation. This may have contributed in part to the low 

incidence of compliance with this parameter in the total sample. 
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Table 4.7 

Hours of Compliance with the  Peak Alveolar Pressure Parameter Over Time (Six 

Consecutive 12-Hour Shifts Following Diagnosis with ARDS) 

   1 2 3 4 5 6 Total Proportion 

 

Mean   3.91 3.45 3.42 3.67 3.70 3.97 22.12 0.30 

SD   5.18 4.99 5.18 5.12 5.35 5.27 26.04 0.36 

SEM   0.63 0.61 0.63 0.63 0.65 0.64 3.18 0.36 

Minimum  0 0 0 0 0 0 0 0  

Maximum  12 12 12 12 12 12 72 1.00 

Note. N = 67. SD = standard deviation. SEM = standard error of the mean. 

aTotal = sum of hours of compliance across all six shifts. 

bProportion = total hours of compliance divided by the total hours of mechanical 

ventilation for the same period if time. 

Collective Compliance with Lung Protective Parameters 

 The primary outcome variable for this study was the proportion of time subjects 

were compliant with all three lung protective parameters simultaneously. Mean total 

hours of collective compliance across all shifts, mean proportion of time of collective 

compliance across all shifts, and mean total hours of collective compliance for each 

individual shift are presented in Tables 4.8-4.9. A comparison of the proportion of 

compliance with all three lung protective parameters individually and collectively is 

presented in Figure 4.8. Fifty (74.5%) subjects never achieved collective compliance with 
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all three lung protective parameters during the first six shifts following diagnosis with 

ARDS when based on predicted body weight.  When based on actual body weight, the 

number of subjects that failed to achieves collective compliance dropped to 36 (53.7%). 

Only one subject maintained collective compliance for the entire duration of the six 

shifts. 

Table 4.8 

Hours of Collective Compliance with Lung Protective Parameters Over Times (Six 

Consecutive 12-Hour Shifts Following Diagnosis with ARDS) Using Predicted Body 

Weight 

   1 2 3 4 5 6 Total Proportion 

 

Mean   1.57 1.81 1.69 1.99 2.12 2.19 11.36 0.16 

SD   3.70 4.02 3.96 4.18 4.49 4.28 421.87 0.31 

SEM   0.45 0.49 0.48 0.51 0.55 0.52 2.67 0.38 

Minimum  0 0 0 0 0 0 0 0  

Maximum  12 12 12 12 12 12 71 1.00 

Note. N = 67. SD = standard deviation. SEM = standard error of the mean. 

aTotal = sum of hours of compliance across all six shifts. 

bProportion = total hours of compliance divided by the total hours of mechanical 

ventilation for the same period if time. 

While there have been several studies evaluating the efficacy of the lung 

protective approach to ventilation (Amato etal., 1998; Amato et al., 1995; ARDS 
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Network, 2000; Brochard et al., 1998; Carvalho et al., 1997; Hickling, Henderson & 

Jackson, 1990; Hickling et al., 1994; Ranieri et al., 1995; Stewart et al., 1998), only one 

author (Brower et al., 1999) reported compliance with target parameters. In this 

randomized, controlled clinical trial, strict treatment protocols were used to guide 

ventilator setting adjustments in response to monitored parameters for both the treatment 

(reduced tidal volume) and control (traditional tidal volume) groups.  

 

Table 4.9 

Hours of Collective Compliance with the Lung Protective Parameters Over Time (Six 

Consecutive 12-Hour Shifts Following Diagnosis with ARDS) Based on Actual Body 

Weight 

   1 2 3 4 5 6 Total Proportion 

 

Mean   2.94 2.64 2.39 3.04 2.96 3.10 17.07 0.23 

SD   4.64 4.52 4.54 4.86 4.97 4.94 24.25 0.34 

SEM   0.57 0.55 0.56 0.59 0.61 0.60 2.96 0.04 

Minimum  0 0 0 0 0 0 0 0  

Maximum  12 12 12 12 12 12 71 1.00 

Note. N = 67. SD = standard deviation. SEM = standard error of the mean. 

aTotal = sum of hours of compliance across all six shifts. 

bProportion = total hours of compliance divided by the total hours of mechanical 

ventilation for the same period if time. 
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Compliance with target parameters within the protocol was randomly assessed 

and reported as percentages of ventilator and patient variables that were within protocol-

specified ranges at the randomly selected times. Interestingly, compliance with tidal 

volume (98% in control group, 96% in treatment group) and plateau pressure (96% 

treatment group, 100% control group) was higher than compliance with oxygen 

saturation (73% treatment group, 69% control group). Target values for tidal volume, 

plateau pressure, and oxygen saturation for the treatment group were 8cc’s/kg ideal body 

weight, ≤ 30 cmH2O, and 86-94 respectively. Plateau pressure was measured twice daily 

and immediately following a change in tidal volume. SpO2 was continuously monitored 

and tidal volume was prescribed based on an estimate of ideal body weight using the 

same formula as in this study.  

The lower incidence of compliance with oxygen saturation in Brower’s study 

(1999) was likely due to the imposition of both an upper and lower limit. While the 

targets for tidal volume and plateau pressure were identical to the present study, 

compliance with these parameters was much higher than in Brower’s sample. It is likely 

that the use of a treatment protocol with established monitoring guidelines, explicit 

targets, and a lower threshold for oxygen saturation significantly contributed to this 

finding. Of the 60 subjects in the treatment group, 10 of them were identified as having 

diagnoses of multiple trauma or burns, and none of them had bowel-related diagnoses. 

Collective compliance across all parameters was not reported. 
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Figure 4.7. Mean proportion of compliance with the individual lung protective 

parameters including oxygen saturation, tidal volume (VT) based on both actual and 

predicted wetght, and peak alveolar pressure, as well as compliance with all three 

parameters collectively for the full sample of 67 subjects for the six consecutive 12-hour 

shifts following diagnosis with ARDS. 

Relationships Among Study Variables 

The results of the ANOVA for the multiple regression model including severity of 

illness, monitoring intensity, and therapeutic intervention intensity are presented in Table 

4.10 and the partial correlations are presented in Table 4.11. Despite the statistical 

significance of this model (F3,63 = 2.910, p=.041), only approximately 12% of the 
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variance in compliance with lung protective parameters was accounted for by the 

independent variables (R2=0.122). In this sample, monitoring intensity was positively 

correlated with both severity of illness and therapeutic intervention intensity, suggesting 

that sicker patients receive more intense monitoring and more intense therapeutic 

intervention. This relationship has been demonstrated in numerous studies involving the 

APACHE instruments and the original TISS (Knaus et al., 1981; Lefering, Zart, & 

Neugebauer, 2000, Malstam & Lind, 1992). A strong positive relationship (r=0.59, 

p=0.01-10) was demonstrated between the APS from the APACHE instrument and the 

mean number of TISS points delivered over the next 12 shifts in one such study (Knaus et 

al., 1981). Interestingly, in the present study, although monitoring intensity was 

associated with severity of illness, therapeutic intensity was not. Since monitoring 

activities were counted in the original TISS as therapeutic interventions, separation of 

these activities may have contributed to the current findings. 

 

Table 4.10 

Summary of Multiple Regression Analysis for Variables Predicting Compliance with 

Lung Protective Parameters Based on Actual Body Weight 

Variable B  SEB  Beta  t  Signifcance 

APACHE II  0.00584332 0.007   0.102  0.798  0.428  

PV-MIISS -0.0050098 0.002   -0.368  -2.768  0.007 

PV-TIISS -o.0008171 0.004  -0.023  -0.186  0.853 

Note. R2 = 0.122. F(3.63) = 2.910. p = 0.041. 
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The only measure to demonstrate a significant association with outcome was 

monitoring intervention intensity (r=-.335, p<0.01). The negative correlation between 

monitoring intervention intensity and compliance with lung protective parameters might 

seem counterintuitive on the surface as one might expect that closer (i.e. more intense 

monitoring) should result in improved outcome. This assumes that efficacious 

interventions are implemented as indicated in response to abnormal values of monitored 

parameters, and that patients show the anticipated response to such intervention. 

 

Table 4.11 

Pearson Correlation Results for Compliance with Lung Protective Parameters (CLPP), 

APACHE II, PV-MIISS, and PV-TIISS 

   CLPP  APACHE II  PV-MIISS PV-TIISS 

CLPP   1.00  -0.043   -0.335** -0.119 

APACHE II     1.00    0.386** 0.146 

PV-MIISS        1.00  0.302* 

PV-TIISS          1.00 

Note. CLPP = compliance with lung protective parameters based on actual body weight. 

** correlation is significant at the 0.01 level. * correlation is significant at the 0.05 level. 

 

One plausible explanation for the inverse relationship demonstrated in this study, 

is that when parameter values are abnormal, they are monitored intensively until they 

return to normal, at which time monitoring becomes less intense.  The associations 
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between severity of illness, monitoring intervention intensity, and therapeutic 

intervention intensity demonstrated in this study and described above provide some 

support for this line of reasoning. The measure of severity of illness used in this study, 

APACHE II, reflects the degree of derangement from normal of various physiologic 

parameters routinely measured and monitored in the ICU. Increasing APACHE II scores 

are reflective of an increase in the number of abnormal parameters, and/or the degree of 

derangement of the selected parameters. The positive association between severity of 

illness and monitoring intensity supports the notion that subjects with abnormal 

parameters received more intense monitoring and subjects with more normal parameters 

received less intensive monitoring. The positive association between severity of illness 

and therapeutic intervention intensity also supports the notion that subjects with more 

abnormal parameters received more intervention. Following this line of reasoning, 

responders to intervention would experience a decrease in monitoring intensity and an 

increase in compliance with lung protective parameters. Non-responders, on the other 

hand, would receive continued monitoring (and possibly continued intervention) without 

an increase in compliance with lung protective parameters. Thus, when aggregate scores 

are used it makes sense logically that monitoring intensity would be inversely related to 

outcome. In this context, one would also expect an inverse relationship between 

compliance with lung protective parameters and both severity of illness and therapeutic 

intervention intensity. Such relationships were not supported in this study.   

Lefering, Zart & Neugebauer (1999) identified differences in intervention 

intensity between survivors (i.e. responders) and non-survivors (i.e. non-responders). In 
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their retrospective evaluation of a modified TISS, they found that survivors had lower 

TISS scores (27.6) than non-survivors (34.9). Similar results were demonstrated by 

Malstam & Lind (1992) who suggested that, based on TISS scores, utilization of 

resources for non-survivors was double that of survivors. In searching for an explanation 

for this finding, these authors suggested an exploration of the possibility that optimal 

therapeutic interventions may not have been used in the former group or that timely 

discontinuation of treatment may not have been implemented. 

Regression Assumptions and Residual Analysis 
  
 The appropriateness of drawing inferences from a linear regression model is 

based on selected assumptions about the true error associated with the model (Norussis, 

1993). Three such assumptions underlying regression analysis are linearity, homogeneity 

of variance, and normality (Kleinbaub, Kupper, Muller, & Nizam, 1998; Norussis, 1993; 

Tabachnick & Fidell, 1989). When fitting a regression model, predicted values of the 

dependent variable are generated. The differences between observed and predicted values 

are known as residuals and are considered estimates of the true error of the model 

(Norussis, 1993). If the model is appropriate for the data, and therefore appropriate for 

making inferences, the residuals are said to be independent, have a mean of zero and a 

common variance (Kleinbaub, Kupper, Muller, & Nizam, 1998). In this context, the 

residuals will exhibit certain characteristics. These characteristics include the following: 

(1) errors are normally distributed, (2) errors demonstrate a linear relationship with 

predicted scores, and, (3) the standard deviations of the errors are equal for all predicted 

dependent variable scores (Tabachnick & Fidell, 1989). The underlying assumptions of 
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regression analysis can therefore be evaluated by analyzing patterns demonstrated by the 

residuals.  

 A scatterplot of the standardized residuals and predicted values is presented in 

figure 4.7. Visual inspection of the residuals suggests a violation of the assumption of 

normality. This violation was confirmed by the Kolmogorv-Smirnov test with Lillifors 

significance correction (.171, p<.001). The scatterplot of residuals and predicted values 

was suggestive of some degree of heteroscedasticity, however, the assumption of 

linearity seemed to be supported. Given that at least one of the assumptions were 

violated, the appropriateness of the model to answer the research question and the ability 

to draw inferences from the findings is questionable.  

 In the setting of one or more violations of the assumptions of regression analysis, 

two courses of action are generally recommended. These strategies include data 

transformations to stabilize the variance, normalize the distribution, and/or linearize the 

regression model, and selecting an alternate strategy for analysis with different 

assumptions (Kleinbaub, Kupper, Muller, & Nizam, 1998; Norussis, 1993; Tabachnick & 

Fidell, 1989). Given the results of the descriptive analysis of the outcome variable which 

revealed a high frequency of “0” values in the dependent variable (43.5% of the sample 

never achieved compliance with the alveolar pressure parameter and that 53.7% of the 

subjects never achieved collective compliance with all three parameters), data 

transformations seemed unlikely to result in normalization of the distribution. 

Furthermore, the issue regarding the questionable validity of the alveolar pressure targets 

as an indicator of compliance with lung protective parameters for that portion of the 
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sample at risk for abdominal compartment hypertension would not be resolved by either 

strategy. Consequently, the decision was made to exclude those subjects at risk for 

abdominal compartment hypertension from the study and reapply the model to the 

reduced sample.  
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Figure 4.8. Scatterplot of standardized residuals and standardized predicted values for the 

regression analysis including the independent variables APACHE II, PV-MIISS, and PV-

TIISS to predict compliance with lung protective parameters on the full sample of 67 

subjects. 
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Reduced Sample Characteristics 

 Following exclusion of 27 subjects with an admitting diagnosis associated with an 

increased risk of abdominal compartment hypertension, 38 subjects remained in the 

sample. The subpopulations within the total sample (subjects with and without risk 

factors for abdominal compartment hypertension) are compared on key demographic 

variables in Table 4.12. Both subgroups were predominantly male (n = 20 in group at risk 

for abdominal compartment hypertension and n = 23 in group without risk). 

APACHE II scores were similar to the total sample and ranged from 12 to 32 

(mean = 24.21±5.8). Monitoring intervention intensity and therapeutic intervention 

intensity were also similar to the total sample. Mean PV-MIISS scores across all six 

shifts ranged from 210 to 298 (mean = 250 ±21.45). Mean PV-TIISS scores ranged from 

30 to 73 (mean = 46±10). The average proportion of time collective compliance with all 

three lung protective parameters was maintained across the six shifts increased to 0.33 

(±.38) in the reduced sample (See Figure 4.8). Twenty-three (60%) of the subjects 

achieved collective compliance for some portion of time within the six shifts and 26 

subjects (67%) achieved compliance with the alveolar pressure parameter for some 

portion of time.  
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Table 4.12 

Age, APACHE II, PV-MIISS, PV-TIISS, and Compliance with Lung Protective 

Parameters in the Sample Subgroups With and Without Risk Factors for Abdominal 

Compartment Hypertension 

With Risk Factors 

Age  APACHE II PV-MIISS PV-TIISS CLPP  

Mean  47  24.89  265  47  0.10 

SEM  3.06  1.81  5.28  1.78  0.04 

Minimum 18  9  205  29  0.00 

Maximum 79  40  334  74  0.89 

 

Without Risk Factors 

Mean  43  24.21  250  46  0.33 

SEM  2.32  0.942  3.48  1.63  0.06  

Minimum 18  12  210  30  0.00 

Maximum 76  32  298  73  1.00 

Note. N = 27 for the group with risk factors for abdominal compartment hypertension. N 

= 38 for the group without risk factors for abdominal compartment hypertension. CLPP = 

compliance with lung protective parameters based on actual body weight. 
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Figure 4.9. Mean proportion of compliance with the individual lung protective 

parameters including oxygen saturation, tidal volume based on actual body weight, and 

peak alveolar pressure, as well as mean proportion of collective compliance with all three 

parameters in the reduced sample of 38 subjects. 

 
Reduced Sample Regression Analysis 

 The partial correlation coefficients from the regression analysis on the reduced 

sample are presented in Table 4.13 and the ANOVA results are presented in Table 4.14.  

The associations demonstrated among study variables were similar to those demonstrated 

in the total sample. The independent variables were all positively correlated with each 

other and the strength of the association between monitoring intensity and severity of 

illness increased to .500 (p=.01). The positive correlation between monitoring intensity 
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and therapeutic intervention intensity did not reach statistical significance, however (p = 

0.056). Again, this suggests that sicker patients received more intense monitoring. A 

significant negative correlation (r=-.392, p<.001) was again demonstrated between 

monitoring intensity and compliance with lung protective parameters. Neither severity of 

illness nor therapeutic intervention intensity were significantly associated with the 

outcome variable.  

Table 4.13 

Pearson Correlation Results for Compliance with Lung Protective Parameters (CLPP), 

APACHE II, PV-MIISS, and PV-TIISS in the Reduced Sample 

   CLPP  APACHE II  PV-MIISS PV-TIISS 

CLPP   1.00  -0.73   -0.392* -0.076 

APACHE II     1.00   0.500** 0.119  

PV-MIISS        1.00  0.313 

PV-TIISS          1.00 

Note. CLPP = compliance with lung protective parameters based on actual body weight. 

** correlation is significant at the 0.01 level. * correlation is significant at the 0.05 level. 

Severity of illness has previously been shown to be inversely related to outcome 

(Knaus, 1989; Knaus, et al., 1982; Knaus et al., 1985a; Knaus et al., 1985b; Knaus, et al., 

1981a). In these studies, a general measure of severity of illness (APACHE II) was used 

along with a measure of general outcome, i.e. mortality. In the present study, the outcome 

of interest, compliance with lung protective parameters, represents a disease or condition 

specific outcome. Thus, while the APACHE II instrument may be a sensitive indicator of 
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generic outcome, it may not be as sensitive to disease specific measures. The lung injury 

score proposed by Murray, Matthay, Luce, & Flick (1988) is a disease specific measure 

of severity of illness that may have proved a more sensitive indicator of severity of illness 

in this context. The lung injury score is derived from a composite scoring system to 

quantify the presence, severity, and evolution of lung injury. The four major 

subcomponents of this system include a chest x-ray score, a hypoxemia score, a PEEP 

score, and a respiratory system compliance score. While the specificity of the lung injury 

score is appealing, the instrument has not been widely evaluated for reliability, validity, 

or responsiveness.  

Based on the F test results, this model was not a good fit for the data (F3,37 = 

2.434, p=.082). Collinearity was not present as evidenced by tolerance values (.685, .749, 

.900) and variance inflation factor (VIF) values (1.460, 1.336, 1.111) for the independent 

variables. Residual analysis did not support violation of any assumptions and no outliers 

were appreciated (see Figures 4.16-4.17).  

 
Table 4.14 

Summary of Multiple Regression Analysis for variables Predicting Compliance with 

Lung Protective Parameters Based on Actual Body Weight in the Reduced Sample 

Variable  B  SEB  Beta  t Signifcance 

APACHE II  0.0108724273 0.012  0.167  0.929  0.359  

PV-MIISS -0.0086874030614 0.006  0.058  0.356  0.724 

Note. R2 = 0.177. F(3.34) = 2.434. p = 0.082. 
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According to Stewart & Archbald (1992), intervention studies may fail to detect a 

significant effect on the outcome variable for a variety of reasons which may include the 

following: (1) weak operationalization of the intervention, (2) insufficient sample size to 

produce a statistically significant effect, (3) too much heterogeneity within the sample on 

the dependent variable, (4) inadequate power of the statistical analysis employed, (5) an 

ineffective intervention, and (6) the lack of sensitivity of the measure of the outcome 

variable. It is possible that some of these factors contributed to the failure of this model to 

fit the data in this particular study. Consequently, these factors will be briefly addressed 

in this section. 

The number of subjects in the reduced sample may have contributed to the 

apparent lack of fit for this model. Tabachnik & Fidell (1989) offer practical sample size 

guidelines for regression analysis which include a ratio of 5 to 20 cases per independent 

variable. They also acknowledge, however, that the power of a regression analysis may 

be unacceptably low regardless of the ratio of cases to independent variables if the 

sample is less that 100. This is particularly likely in the setting of a small effect size. 

While the reduced sample of 38 subjects reflected a ratio of cases to independent 

variables in excess of 10:1, it was still much less than the 100 recommended. Since 

multiple regression is generally considered to be a robust test for relationships, it is not 

likely to be a major contributing factor to the lack of success with the reduced model. 
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Figure 4.10. Histogram of standardized residuals from the regression analysis including 

the independent variables APACHE II, PV-MIISS, and PV-TIISS to predict compliance 

with lung protective parameters based on actual body weight in the reduced sample of 38 

subjects. 

Even though the model appeared to fit the data from the total sample based on the 

F statistic, the model was weakened by the existence of violations of the assumptions of 

normality and homogeneity of variance. It has been clearly demonstrated that ARDS 

patients are not homogeneous with respect to respiratory mechanics and their response to 

ventilation with lung protective strategies. In this context, the total sample which likely 

included some unknown proportion of subjects with abdominal compartment 
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hypertension and elevated pleural pressure, most likely demonstrated too much 

heterogeneity around the dependent variable.  This issue of the heterogeneous nature of 

ARDS patients has been covered extensively in the literature (Bernard, et al., 1994; 

Callister & Evans, 2002; Krafft, et al., 1996; Levy, 2002; Milberg, et al., 1995; Mims, 

2001; Ricard, Dreyfuss & Saumon, 2002) and it is now generally recommended that 

interventions targeted toward ARDS be evaluated for each subpopulation prior to 

widespread adoption into clinical practice. This recommendation followed the post hoc 

analysis of the landmark ARDSnet study (2000) which failed to find any difference 

between traditional and lung protective strategies in subjects with extrapulmonary  

etiologies of ARDS (Callister & Evans, 2002).  

Within the context of this study design, a case can be made for the contribution of 

ineffective and/or poorly operationalized interventions (processes of care) as key 

contributing factors to the failure in detecting a significant effect in compliance with lung 

protective parameters. In this study, two interrelated interventions were being evaluated, 

monitoring and therapeutic intervention. Given the interdependent nature of these nursing 

interventions, it can also be argued that lung protective ventilation was being evaluated as 

well. In outcomes research, the concept of an intervention or treatment has two 

components. According to Herbert (1997), these components include what was done 

(process) and how well it was done (skill). The newly developed instruments, PV-MIISS 

and PV-TIISS, measured what was done. That is to say, they measured how much 

monitoring and how much intervention was done for each subject. They did not, 
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however, capture the skill component i.e. how well things were done. With respect to 

monitoring as an intervention this is especially significant.  
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Figure 4.11. Scatterplot of standardized residuals and standardized predicted values from 

the regression analysis including the independent variables APACHE II, PV-MIISS, and 

PV-TIISS to predict compliance with lung protective parameters based on actul body 

weight in the reduced sample of 38 subjects. 

 
The purpose of monitoring is to initiate proactive therapeutic interventions and 

avoid undesirable outcomes (Benis, Fitzkee, Jurado, & Litwak, 1980; Blitt, 1995; Gilbert 

& Vendor, 1995). While the positive correlation demonstrated between the PV-MIISS 

and PV-TIISS lends some degree of support to the notion that monitoring led to 
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intervention, there is no way to know that it was, in fact, the “right” intervention. Given 

the low incidence of compliance with lung protective parameters demonstrated in this 

study, it could be argued that the right interventions were not done. Appropriate 

intervention in the context of managing the patient-ventilator system requires 

interdependent actions from nurses, respiratory care staff, and physicians. Nurses and 

respiratory care staff both play a role in monitoring the patient-ventilator system and 

communicating the information gleaned with each other and with physicians. Further 

intervention, other than continued monitoring typically requires a physician order. 

Implementation of such orders, including manipulation of ventilator settings, may then be 

carried out by eithr a nurse or respiratory care therapist. Assuming that the right 

intervention for a nurse in response to a monitored parameter would be to inform a 

physician, and assuming that this was done, the final outcome requires an appropriate and 

skillful response by the physician. 

The study by Brower et al. (1999) exemplifies how both components (process and 

skill) of the intervention of lung protective ventilation are managed in the traditional 

randomized clinical trial design. Through the use of a tightly controlled treatment 

protocol, the selection of the “right” intervention is guaranteed and the implementation of 

that intervention with appropriate skill is also guaranteed. Specifically, all lung protective 

targets were explicitly stated and agreed upon. Likewise, the selection of parameters to be 

monitored was pre-established, along with the frequency of measurement. Perhaps, most 

importantly, the responses to values of the monitored parameters were dictated by the 

protocol to ensure that the lung protective philosophy was skillfully applied. In this 
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setting the outcome of a 98% compliance with the tidal volume parameter and a 96% 

compliance with the plateau pressure parameter were realized. Perhaps more widespread 

use of treatment protocols outside the clinical trial arena would result in more effective 

application of known efficacious interventions in the general practice environment. 

Finally, the sensitivity of the selected outcome measure, compliance with lung 

protective parameters, most likely contributed to the failure to detect a significant effect 

in this study. When assessing the sensitivity of an outcome measure, Stewart & Archbold 

(1993) have suggested posing the following questions: (1) Is the conceptual link between 

the intervention and the outcome logical? (2) To what extent is the outcome variable 

amenable to change? (3) Is the construct validity of the outcome measure adequate for 

detecting the effect of the proposed intervention? (4) Does evidence for the construct 

validity of the outcome measure argue for its potential to detect change as a result of the 

proposed intervention? (5) Does the instrument used to measure the attribute have a 

potential distribution of scores that will allow detection of change?  

In a population of homogeneous subjects with ARDS secondary to pulmonary 

etiologies and in the absence of abdominal compartment hypertension, the use of 

compliance with lung protective parameters as an outcome variable within the current 

study design is conceptually and logically sound, and is amenable to change. There is 

also adequate construct validity for it’s use as described in the review of the literature. 

However, the use of the target lung protective parameters as an outcome measure in the 

setting of subjects with abdominal compartment hypertension is not conceptually sound 

and is not as amenable to change as it would be in other populations. Regardless of the 



  

 164 
 
 

 

population studied, the methodology used to compute compliance with lung protective 

parameters likely detracted from its sensitivity. The reliance on nursing documentation in 

this retrospective study was problematic for the following reasons: (1) there was no 

designated place in the medical record or nursing flowsheet for documentation of this 

parameter, (2) the parameter was infrequently recorded on the nursing flowsheet, (3) 

some handwriting was difficult to read. Lung protective parameters are dynamic and their 

values appear on a continuous display monitor in the clinical setting. However, in the 

context of a retrospective chart review, the variables only change when a new value is 

recorded. The decision to measure these parameters as a proportion of the time in which a 

target value was met resulted in a floor effect. The incidence of the values of “0” in the 

sample became problematic and decreased the overall sensitivity of the measure. 

 

Research Question 2 

What are the characteristics of adverse events reported in patients with ARDS 

receiving mechanical ventilation? 

  

Review of the administrative database at the study facility into which adverse 

event reports are entered revealed a total of eleven adverse events reported on the study 

subjects. Of these eleven events, however, only two of them occurred during the period 

of data collection. A brief description of these two events based on the data reported in 

the administrative database and the data collection tools used in this study is presented in 

this section.   
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 The first event involved self-extubation of the endotracheal tube in a 76 year old 

male admitted to the SICU. According to the employee description recorded in the 

database, the subject caught hold of and pulled the inline suction tubing that was 

connected to the endotracheal tube. The endotracheal tube was secured in the usual 

fashion and was not completely removed. The endotracheal tube was, however, moved to 

the extent that a significant airleak was noted and the tube believed to be above the vocal 

cords. The tube was immediately repositioned by appropriate staff and the subject 

suffered no significant harm related to the event.  

This event occurred on the second 12-hour shift following diagnosis of ARDS and 

the subject had an APACHE II score of 15. The subject’s APS score at the time of the 

event was 8 with a range of 9 to 11 across the six shifts of data collection for this study. 

The range of PV-MIISS and PV-TIISS scores for this period were 236-283 and 33-67 

respectively. At the time of the event the subject’s PV-MIISS score was 283 and the PV-

TIISS score was 56. The severity of illness for this subject was less than moderate (Knaus 

et al., 1981) and he was less severely ill relative to the rest of the sample.  Interestingly, 

the event occurred on the shift in which he experienced the highest monitoring intensity 

and the second highest intensity of intervention during his first three days of treatment for 

ARDS. 

The second event involved a medication error in a 53 year old male admitted to 

the MICU. According to the employee description, the subject was ordered to receive an 

infusion of three ampules of sodium bicarbonate in one liter of 5% dextrose solution but 

instead was started on an infusion of three ampules of sodium bicarbonate in a normal 
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saline solution. The error was discovered on the subsequent shift and there was no 

documentation regarding the amount of solution infused prior to detection. The subject 

reportedly suffered no significant harm as a result of this event. 

This event occurred on the fourth 12-hour shift following diagnosis of ARDS and 

the subject had an APACHE II score of 25. The subject’s APS score at the time of the 

event was 27 with a range of 21 to 27 across the six shifts of data collection for this 

study. The range of PV-MIISS and PV-TIISS scores for this period were 227-265 and 23-

66 respectively. At the time of the event the subject’s PV-MIISS score was 262 and the 

PV-TIISS score was 35. This subject had a moderate severity of illness (Knaus et al., 

1981) and he was similar to the mean for the total sample (24± 5.9).  The event occurred 

on the shift with the second highest monitoring intensity and the third highest intensity of 

intervention.  

The other nine events that did not occur during the period of interest for this study 

included four falls, two medication errors, two procedural deviations in the operating 

room, and one procedural delay secondary to a missed order for withholding oral intake. 

The low incidence of adverse events identified with this methodology (administrative 

database of reported events) was not surprising as previous retrospective studies have 

yielded similar results (Brenan, Leape, Laird et al. 1991; Donchin et al., 1995). Indepth 

root cause analyses were not performed at the time of these events and thus more detailed 

information was not available for review in the administrative database. These categories 

of events, self-extubation and medication error, have previously been documented in the 

ICU environment (Buckley, et al., 1997; Donchin, et al., 1995; Flaatten & Hevroy, 1999). 
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Since only two events were reported in this sample, however, no trends can be identified 

or comparative inferences drawn. A study design allowing for more “real time” data 

collection regarding adverse events in the ARDS population is indicated. 

Battles & Lilford (2003) have suggested that patient safety research should be 

conceived as a continuum beginning with studies designed to identify risks followed by 

studies designed to implement and evaluate patient safety practices, and, finally, studies 

designed to maintain vigilance and ensure ongoing safety practices. The present study 

would fall into the first stage as the purpose was simply to describe or identify reported 

events rather than implement any safety practices. Within the framework proposed by 

these authors, a new term, health care associated injuries, is introduced, and is said to 

encompass patient safety events which cause or have the potential to cause harm. A 

distinction is made between injuries associated with processes and structures of care, and 

those associated with a patient’s underlying antecendent conditions, with only the former 

considered health care associated injuries. The two events described in this study, self-

extubation and medication error, may have been associated with care processes, but, in 

the absence of a root cause analyses, this could not be definitively determined.  

In the context of the Battles & Lilford framework, “patient safety event” is a 

broad term that includes four categories of events. These categories are adverse events, 

no harm events, near misses, and dangerous situations. Adverse events are defined as 

“occurrences during clinical care that result in physical or psychological injury or harm to 

a patient or harm to the mission of the organization” (Battles & Lilford, 2003, p. ii3). No 

harm events are defined as, “events that have occurred but result in no actual harm 
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although the potential for harm may have been present” (Battles & Lilford, 2003, p. ii3). 

The two events reported on the study subjects and described in this section would not 

seem to fit the definition of adverse events offered by Battles & Lilford (2003), but rather 

would be considered no harm events.  

Within the Battles & Lilford framework, a continuum of research methods are 

described for the first stage studies in patient safety research. This continuum is said to 

flow from incident reporting to chart abstraction to direct observation. The use of 

retrospective review of incident reports in the present study reflects at the lowest level of 

the methodologies described. Direct observation using ethnographic approaches as 

advocated in the Battles and Lilford model would likely have resulted in more useful 

information regarding the types of events associated with the processes of care involved 

in mechanical ventilation and the management of patients with ARDS. 

Research Question 3 

What are the psychometric properties of the PV-MIISS and PV-TIISS Instruments? 

 Since each of the process measures was newly developed for this study, 

the psychometric properties of each were explored. This exploration involved an 

assessment of reliability and validity using intra-class and Pearson correlation 

coefficients. The results of these analyses are presented for each instrument separately in 

this section.  

Patient-Ventilator Monitoring Intervention Intensity Scoring System (PV-MIISS) 

Interobserver reliability was evaluated by having nine trained data collectors 

complete the instrument for the same six 12-hour shifts on a single subject. The scores for 
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each of the nine data collectors are presented in Table 4.18.  The intraclass correlation 

coefficient is an ANOVA-type model for testing the pattern of scoring among a group of 

judges (SPSS Inc., 1999) and was used to assess inter-observer reliability for this study 

using the SPSS 10.0 software. Specifically, a two-way random effects model for absolute 

agreement was based on the assumption that both sources of variation (the episode of 

monitoring intensity and the judges) come from a random pool. Application of this model 

results in an intraclass correlation coefficient ranging from -1to 1. As with other 

reliability coefficients, reliability is said to increase as the value of the intraclass 

correlation coefficient increases (SPSS Inc., 1999). The resulting alpha for the judges in 

this study was 0.9934 suggesting high inter-observer reliability of the PV-MIISS.  

Concurrent validity refers to the extent to which performance on one measure can 

be used to estimate performance on another measure (Waltz, Strickland, & Lenz, 1991) 

and generally involves measuring the correlation between instruments that measure 

phenomena assumed to be associated. The assumption that sicker patients receive more 

intervention has been previously used as the basis for assessing concurrent validity of 

both severity of illness and therapeutic intervention instruments (Cullen et al., 1974; 

Knaus et al., 1981b) and served as the basis for assessing concurrent validity of the PV-

MIISS in this study as well. The validity of the PV-MIISS for this study was assessed 

using Pearson correlation analysis. Specifically, correlation coefficients for acute 

physiology scores (APS) and scores on the PV-MIISS and PV-TIISS for each of the six 

shifts were used. The results of this analysis are presented in Table 4.18. 
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Table 4.15 

Scores on PV-MIISS for Nine Judges Across Six Shifts 

Judges 

   1 2 3 4 5 6 7 8 9  

Shift 1   211 220 229 229 229 238 229 229 229 

Shift 2   253 254 264 264 261 267 264 259 268 

Shift 3   240 240 239 243 239 249 243 240 240 

Shift 4   257 253 262 256 256 261 256 261 262 

Shift 5   250 261 253 256 251 267 256 256 269 

Shift 6   227 227 231 221 29 235 221 235 227 

 
The positive associations demonstrated with severity of illness and therapeutic 

intervention intensity provided some evidence of concurrent validity for the PV-MIISS in 

this sample. Statistically significant positive correlations were demonstrated between PV-

MIISS scores and APS for five of the six shifts (r range from .263 to .488). Statistically 

significant positive correlations were also demonstrated between PV-MIISS scores and 

PV-TIISS scores in the same five out of six shifts (r range from .384 to .523). Although 

the associations between these variables were statistically significant, they were of low to 

moderate strength. The strength of association between PV-MIISS and PV-TIISS was 

generally stronger than that between PV-MIISS and APS.Performance of the sample on 

the PV-MIISS in this study has been described previously in this chapter. Based on the 
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psychometric properties demonstrated here, the data provide preliminary evidence to 

support the reliability and validity of the PV-MIISS.  

Table 4.16 

Pearson Correlation Results for APS, PV-MIISS, and PV-TIISS  

Shift 

    1     2       3        4         5         6  

PV-MIISS*APS         .488**        NS    .368**  .460**   .291*     .263* 

PV-MIISS*PV-TIISS        .523**        NS       .397**  .384**   .425**  .407** 

PV-TIISS*APS        .396**        .246*     NS      .270*       NS      .402** 

Note. APS = acute physiology score. *Significant at p<.0.5 **Significant at p<0.01 

Patient-Ventilator Therapeutic Intervention Intensity Scoring System (PV-TIISS) 

Interobserver reliability was evaluated by having nine trained data collectors 

complete the instrument for the same six 12-hour shifts on a single subject. The scores for 

each of the nine data collectors are presented in Table 4.19.  The intraclass correlation 

coefficient as described previously was used to assess interobserver reliability for the PV-

TIISS in this study using the SPSS 10.0 software. Specifically, a two-way random effects 

model for absolute agreement was based on the assumption that both sources of variation 

(the episode of intervention intensity and the judges) come from a random pool. The 

resulting alpha for the judges in this study was 0.9920 suggesting high inter-observer 

reliability of the PV-TIISS.  
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Table 4.17 

Scores on PV-TIISS for Nine Judges Across Six Shifts 

Judges 

   1 2 3 4 5 6 7 8 9  

Shift 1   21 21 23 23 23 24 23 23 23  

Shift 2   40 43 42 47 42 53 47 47 47 

Shift 3   65 67 59 69 59 67 69 61 66 

Shift 4   29 31 38 45 38 48 45 36 35 

Shift 5   30 34 34 33 34 35 33 30 35 

Shift 6   34 32 38 36 38 30 36 37 32  

 

The methodology used to assess concurrent validity for the PV-MIISS was also 

used for the PV-TIISS. Specifically, correlation coefficients for acute physiology scores 

(APS) and scores on the PV-MIISS and PV-TIISS for each of the six shifts were used. 

The results of this analysis are presented in Table 4.18. The positive associations 

demonstrated with severity of illness and monitoring intervention intensity provided 

some evidence of concurrent validity for the PV-TIISS in this sample. Statistically 

significant positive correlations were demonstrated between PV-TIISS scores and APS 

for four of the six shifts (r range from .246 to .402). Although the associations 

demonstrated among the variables was statistically significant, they were of low to 

moderate strength. The strength of association between PV-TIISS and PV-MIISS was 

generally stronger than that between PV-TIISS and APS. This was not surprising given 
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that PV-TIISS and PV-MIISS are both measures of intervention. Performance of the 

sample on the PV-TIISS in this study have been previously reported. Based on the 

psychometric properties demonstrated here, the data provide preliminary evidence to 

support the reliability and validity of the PV-TIISS. 

       

 
Summary 

The results of the data analyses used to answer each of the three research 

questions were presented in this chapter. In addition, a discussion of these results in the 

context of previous research, current clinical practice, and scholarly debate has been 

offered in attempt to interpret the findings. Issues regarding the heterogeneity of the 

ARDS population, the process of integrating research into practice, the interdependent 

nature of monitoring and managing the patient-ventilator system, and the limitations of 

clinical documentation in retrospective research designs were identified. The influence of 

these issues on interpretation of the findings from this study as well as the implications of 

these issues for future research and clinical practice will be explored in the next chapter. 
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Chapter V: Summary, Conclusions and Recommendations 
 

 This chapter provides a general summary of the overall study. Conclusions and 

implications of the results are discussed in the context of the purpose, theoretical 

framework, and methodology of the study, as well as the context of the clinical practice 

setting and pertinent scholarly debate. Recommendations for practice and future research 

are also discussed. 

Overview of the Study 

 A retrospective, descriptive design was used to identify nursing sensitive process 

and outcome measures for the care of patients with ARDS receiving mechanical 

ventilation. A convenience sample identified by ICD-9 codes from a large academic 

medical center over a 24 month period was utilized. The sample included 45 males and 

22 females ranging in age from 18 to 79. Twenty-nine subjects were primarily ventilated 

using volume ventilation and 38 with pressure ventilation. Based on the APACHE II, 61 

(91%) of the subjects were moderately severely ill and 29 of them had at least one major 

risk factor for abdominal compartment hypertension. Data were collected from the 

medical records for the first six 12-hour shifts following diagnosis with ARDS. The 

independent variables for the study included, monitoring intervention intensity, and 

therapeutic intervention intensity. Severity of illness was included as a potential 

confounding variable. These variables were quantified using three instruments applied to 

the data extracted from the medical records (APACHE II, PV-MIISS, PV-TIISS). The 

primary outcome variable was compliance with lung protective parameters (oxygen 

saturation, tidal volume, alveolar pressure surrogate) and was measured as the proportion 
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of time in which all three parameters were within the target range simultaneously. The 

secondary outcome was adverse events which were identified from an administrative 

database.  

All of the subjects achieved compliance with the oxygen saturation target for 

some portion of time. The majority of subjects also achieved compliance with the tidal 

volume target for some portion of time (n=59). A large proportion of subjects, however, 

never achieved compliance with the alveolar pressure target (n=29), and an even larger 

proportion never achieved compliance with all three targets collectively (n=36). Only two 

subjects incurred reported adverse events. After initiation of the study, the presence of 

major risk factors for abdominal compartment hypertension was identified as an 

extraneous variable that posed a significant threat to the internal validity of the study. The 

29 subjects identified as having one or more of these risk factors were ultimately 

excluded from the study and the proposed analyses were completed on the reduced 

sample (n=38). 

 The key findings of the study are as follows: 

1. Compliance with lung protective parameters in this study differed from other 

reports in the literature (Brower et al., 1999). Compliance with oxygen saturation 

was higher in this sample, while compliance with tidal volume and alveolar 

pressure targets were significantly lower. 

2. A clear and consistent methodology for prescribing tidal volume and estimating 

ideal body weight was not evident in the clinical documentation for the study 

sample. 
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3. Monitoring of the appropriate surrogate for alveolar pressure as evidenced by 

documentation on the nursing flowsheet was lower than other reports in the 

literature (Brower et al., 1999). There was no designated location on the nursing 

flowsheet for documentation of plateau pressure. 

4. Monitoring intervention intensity was positively related to both severity of illness 

and therapeutic intervention intensity. These findings were consistent with 

previous research linking severity of illness with ICU resource utilization and 

clinical practice patterns (Knaus, et al., 1981; Lefering, Zart, & Neugebauer, 

2000; Malstam & Lind, 1992). 

5. Monitoring intervention intensity was inversely related to compliance with lung 

protective parameters. This counterintuitive finding was consistent with previous 

research linking ICU resource utilization with outcomes as measured by survival 

(Lefering, Zart, & Neugebauer, 1999; Malstam & Lind, 1992).  

6. No significant relationship was identified between severity of illness and 

therapeutic intervention intensity. This finding was inconsistent with previous 

research demonstrating a strong positive relationship between severity of illness 

and ICU resource utilization (Knaus et al., 1981; Lefering, Zart, & Neugebauer, 

2000; Malstam &Lind, 1992). 

7. No significant relationship was identified between severity of illness and 

compliance with lung protective parameters. This finding was inconsistent with 

previous research demonstrating an inverse relationship between severity of 
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illness and patient outcome when measured as survival (Knaus et al., 1981; 

Lefering, Zart, & Neugebauer, 2000; Malstam &Lind, 1992). 

8. The model including severity of illness, monitoring intensity, and therapeutic 

intervention did not sufficiently fit the data to explain the variance in compliance 

with lung protective parameters. The presence of a major risk factor for 

abdominal compartment hypertension was identified as an extraneous variable in 

this sample and contributed to a non-normal distribution in the outcome variable. 

Exclusion of these subjects improved the distribution of the outcome variable but 

did not enhance the ability of the model to explain the variance in compliance 

with lung protective parameters. 

9. The study provided initial evidence to support the reliability and validity of the 

PV-MIISS as a measure of monitoring intervention intensity in the ARDS 

population. There was a high degree of consistency among data collectors and 

concurrent validity with both severity of illness and therapeutic intervention 

intensity.  

10. The study provided initial evidence to support the reliability and validity of the 

PV-TIISS as a measure of therapeutic intervention intensity in the ARDS 

population. There was a high degree of consistency among data collectors and 

concurrent validity with both severity of illness and monitoring intervention 

intensity. 
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11. The incidence of adverse events was <0.05%. Only two adverse events were 

reported in the administrative database for the subjects during the first six shifts 

following diagnosis with ARDS.  

Conclusions and Implications for Practice and Research 

 Based on the results of this study, previous research, and current clinical practice, 

four major issues have been identified that have implications for the interpretation of the 

results of this study, as well as for future research and clinical practice. These four issues 

include the heterogeneity of the ARDS population, the process of integrating research 

into practice, the interdependent nature of monitoring and management of the patient-

ventilator system, and the limitations of clinical documentation for retrospective research 

designs. Based on these issues, several conclusions and implications for research and 

clinical practice have been identified. A discussion of these conclusions and implications 

is presented here. 

Heterogeneity of the ARDS Population 

 Based on the results of clinical studies published in the decade from 1990 to 2000 

(Amato et al.,1998; Amato et al., 1995; ARDS Network, 2000; Brochard, et al., 1998; 

Brower, et al., 1999; Hickling, et al., 1990; Hickling, et al., 1994; Stewart, et al., 1998), a 

lung protective philosophy for ventilation of patients with ARDS was widely promoted 

without reference to potential differential effects within subpopulations. This approach 

involved titration of ventilator settings, particularly tidal volume, in response to 

monitored parameters to achieve established targets for oxygen saturation, tidal volume, 

and alveolar pressure surrogates. There is now a growing body of evidence in the 
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literature to suggest that differences in respiratory mechanics exist in the lungs of certain 

subgroups of ARDS patients. These differences in respiratory mechanics may result in 

different responses to the lung protective strategies as currently defined, and may require 

different targets and/or different strategies to achieve current targets. Specifically, the 

common surrogates for alveolar pressure (plateau pressure and peak inspiratory pressure) 

must be interpreted differently for these subgroups, and an integration of higher PEEP 

values may be required (Mims, 2001; Levy, 2002; Ricard, Dreyfuss & Saumon, 2002). 

Patients with abdominal compartment hypertension represent one subgroup of the ARDS 

population that fits this situation. Ranieri et al (1997) have demonstrated that in this 

subpopulation, the change in respiratory mechanics secondary to abdominal distention 

may result in as much as a 28% difference in recommended tidal volume and as much as 

a 25-30% difference in the recommended target for the alveolar pressure surrogate.  

 The findings of the present study must be interpreted within this context. The low 

incidence of compliance with lung protective parameters in the complete sample was 

partially explained by the high proportion of subjects with a major risk factor for 

abdominal compartment hypertension. These subjects were subsequently removed from 

the study sample. In addition to abdominal compartment hypertension, other variables 

that impact respiratory mechanics of the ARDS lung have been identified, including the 

etiology of ARDS. Such variables were not measured in this study and thus there was no 

mechanism to control for their effects on the measured outcomes. It is possible that the 

reduced sample contained subjects with respiratory mechanics that contributed to the low 

incidence of compliance with lung protective parameters.  
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 Within the structure-process-outcome model of quality assessment, the validity of 

specific evaluative criteria are said to be context dependent, and the usefulness of a 

particular indicator requires that it be congruent with the definition of quality in that 

context (Donabedian, 1966; Kleinpell, 1997). The use of compliance with lung protective 

parameters as an outcome in this study was based on the assumption that compliance with 

these parameters was a valid indicator of quality for the ARDS population. Given the 

evidence to support differences in respiratory mechanics among subgroups, however, 

compliance with the current lung protective parameters is not congruent with the 

definition of quality for the entire ARDS population. Further, for some subgroups, 

achievement of these parameters should not be an intended goal of treatment for the 

clinical team.  

In this context, it is now generally recommended that interventions targeted 

toward ARDS be evaluated for each subpopulation prior to widespread adoption into 

clinical practice (Callister & Evans, 2002). At present, application of the lung protective 

strategy of ventilation should be adopted only after careful assessment for conditions that 

may negatively impact a patient’s response to this therapeutic modality. Clinicians 

involved in the management of the patient-ventilator system should receive education 

regarding the appropriate use of various surrogate measures for alveolar pressure in the 

clinical setting. Given the incidence of abdominal compartment hypertension in the 

critically ill population (Callister & Evans, 2002; Malbrain, 2000; Malbrain & Bakajika, 

1999) and the effect on application of lung protective ventilation, bedside measurement 

of abdominal compartment pressure should be incorporated into the standard of care for 
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patients at risk.  This would require additional education and training for medical and 

nursing staff as this is currently not standard practice in most ICUs. Within an outcome 

research framework, the risk of abdominal compartment hypertension and etiology of 

ARDS are confounding variables and should be accounted for in the study design either 

through more strict inclusion criteria or statistical control.  

Process of Integrating Research Into Practice 

 According to Sidani (1998), there are two phases of evaluation for therapeutic 

modalities. The first phase assesses efficacy while the second phase assesses 

effectiveness. The efficacy of a treatment has been defined as how well it works under 

ideal circumstances, while the effectiveness of a treatment has been defined as how well 

it works under normal conditions (Coyle, 1998; Guagagnoli & McNeil, 1994; Houston, 

1996; Mark & Salyer, 1999). Evaluation of efficacy generally occurs under very 

controlled conditions. Such conditions, according to Sidani (1998), “…are conducive to 

the creation of the ideal conditions under which the intervention is expected to produce 

the intended effects” (p. 621). Evaluation of effectiveness generally occurs in the practice 

setting in which it will ultimately be applied. The practice setting is frequently quite 

different from the research setting with respect to the degree of control exerted over 

implementation of the intervention of interest (Guagagnoli & McNeil, 1994; Kane, 1997; 

Lohr, 1988). The end result is inconsistent delivery of the intervention (Sidani, 1998). 

Such inconsistency may result in variability in outcomes, a reduced power to detect 

intervention effects, and an increase in the probability of a Type II error (Sidani, 1998). 

The overall performance of a treatment modality can thus be considered context 
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dependent. That is to say that a modality may perform well (i.e. produce positive or 

intended outcomes) under controlled research conditions, but perform poorly (i.e. fail to 

produce positive or intended outcomes) in the general practice setting. This may cause 

some to challenge the usefulness of legitimate treatment modalities.  

The lung protective philosophy of ventilation as a therapeutic modality for the 

treatment of ARDS has been evaluated for efficacy in numerous clinical studies over the 

past decade (Amato et al.,1998; Amato et al., 1995; ARDS Network, 2000; Brochard et 

al., 1998; Brower, et al., 1999; Hickling et al., 1990;Hickling, et al., 1994; Stewart, et al., 

1998). The environment in which this therapeutic modality was evaluated in most of 

these studies was typical of clinical trials in that there were strict inclusion and exclusion 

criteria, random assignment, and an explicit and tightly controlled treatment protocol 

(Kane, 1997; Mark & Salyer, 1997; Sidani, 1998).  When evaluated in this type of 

environment, the lung protective philosophy of ventilation has been deemed efficacious, 

and a high incidence of compliance with lung protective parameters has been 

demonstrated (Brower et al., 1999). Yet, in the current study, despite the increased 

homogeneity achieved in the reduced sample, the incidence of compliance with 

parameter targets was lower than other reports in the literature (Brower et al., 1999) and 

lower than expected in the context of a major academic medical center. This finding 

suggests that this efficacious modality was not effectively implemented in general 

clinical practice at the study site.  

A review of the findings with respect to the study facility reveals conditions likely 

to have resulted in inconsistent delivery of the lung protective strategy across study 
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subjects. These conditions include the absence of an explicit methodology to prescribe 

tidal volume and estimate ideal or predicted body weight, the low incidence of 

documentation of values of appropriate alveolar pressure surrogates, the lack of a 

designated location to document alveolar pressure values that is easily accessible to the 

treatment team in real time, and the absence of explicit clinical targets for specific 

subjects with respect to the lung protective parameters. While the clinicians at the study 

site may have adopted the philosophy of lung protective ventilation into practice from a 

theoretical perspective, the findings of this study suggests that this modality has not been 

completely adopted into clinical practice from a practical perspective. The modality is 

clearly not being implemented in the same manner in which it was during the clinical 

trials. A complete integration of the research findings with respect to lung protective 

ventilation will require changes in the practice environment that  promote more consistent 

implementation of the intervention in a manner that more closely reflects how it was 

implemented in the research protocol.  

One mechanism proposed to enhance the consistency of implementation of 

treatment modalities and increase the validity of effectiveness research is the 

development of standardized treatment protocols (Sidani, 1998). A standardized protocol 

would achieve the following: describe the nature of the intervention activities, specify the 

sequence of activities to be performed, and provide details for the procedures to be 

carried out (Sidani, 1998). With respect to implementation of lung protective ventilation, 

a protocol that would achieve the following objectives is advocated: 1) describe a single 

methodology for estimating ideal or predicted body weight; 2) define a specific tidal 



  

 184 
 
 

 

volume based on predicted body weight to be used upon initiation of the protocol; 3) 

prescribe the frequency of measurement for lung protective parameters; 4) define upper 

and lower targets of the lung protective parameters; and 5) describe the specific sequence 

of activities to follow in response to measured lung protective parameters. In addition to 

this protocol, a revised nursing flowsheet with designated locations for the documentation 

of all lung protective parameters is advocated. Finally, periodic audits are advocated to 

ensure compliance with the protocol (and consistent implementation of lung protective 

ventilation) by the treatment team.  

Interdependent Nature of Monitoring and Managing the Patient-Ventilator System 

Due to the interdependent nature of nursing interventions in the complex 

environment of the critical care unit, determining the discipline’s differential contribution 

to many outcomes is challenging. The purpose of this study was to identify nursing 

sensitive process and outcome measures for patients with ARDS receiving mechanical 

ventilation. Mechanical ventilation as a process of care is complex, dynamic, and 

multidisciplinary in nature, requiring the coordinated actions of nursing, respiratory 

therapy, and medicine for appropriate implementation (Branson, 1995; Hubmayer, Abel, 

& Rehder, 1990; Kite-Powell, et al., 1999; Marini, 1990; Pilbeam, 1998; Slutsky, 1993). 

Monitoring has been identified as an integral component of the process of mechanical 

ventilation, particularly in the context of the lung protective philosophy (AACN, 2001; 

ARDS Network, 2000; Brower et al., 1999; Chang, 1997; Pilbeam, 1998; Tobin & Graaf, 

1994; SCCM, 1991; Slutsky, 1994). Monitoring, as a component of surveillance, has 

been identified as a legitimate nursing intervention for acute and critically ill patients 
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(Dougherty & Molen, 1985), and has also been identified as an essential nursing activity 

for ventilatory management (AACN, 2001). In was in this context, that monitoring was 

selected as a potentially nursing sensitive process measure for this study.   

Within the outcomes research framework, emphasis is placed on adequate 

conceptualization and measurement of the intervention of interest to enhance the ability 

to capture treatment effects (Marek, 1997; Sidani, 1998).  Like the process of mechanical 

ventilation itself, monitoring as an intervention is multidisciplinary in nature and involves 

the coordinated actions of nursing, respiratory therapy, and medicine to achieve complete 

and effective implementation. They are both interdependent interventions. As an 

intervention, monitoring involves data collection, as well as data analysis and 

interpretation for the purpose of guiding further intervention (Blitt, 1995; Bolney & 

Gaba, 1995; Carpinito, 1997; Chang, 1997). Ideally, a measure of monitoring as an 

intervention should capture all of these inherent behaviors. To the extent that a measure 

or study design does not capture these inherent behaviors, the ability to capture the 

complete treatment effect is diminished.   

 In order to capture the variable effects of an intervention, Sidani (1998) suggests 

that the intervention be conceptualized in terms of having a dosage or intensity, and 

measured as a continuous variable. During statistical analysis the actual dosage of the 

intervention becomes the independent variable and regression analysis is applied to 

examine the effects on selected outcomes. Since variation in practice is an integral 

component of effectiveness research designs, it has been suggested that this strategy be 



  

 186 
 
 

 

pursued where possible. For many nursing interventions, including monitoring, the idea 

of capturing the dosage or intensity is especially appealing.  

Attempts to incorporate these recommendations into the design for the present 

study were met with varying degrees of success as evidenced by the study results. The 

instrument designed to measure the intervention of monitoring (PV-MIISS), captured a 

dose or intensity as recommended. Specifically, the tool captured the frequency with 

which data was collected and, to a lesser extent, the quality of the data collected. The data 

believed to most directly impact management of the patient-ventilator system was 

weighted more heavily during the scoring process and thus some qualitative component 

of the process was reflected in the final score. The actual interpretation of the measured 

data and the action taken in response was not captured in the PV-MIISS specifically. That 

being the case, the tool cannot be said to capture the complete conceptualization of the 

intervention of monitoring. This may have contributed to the failure to demonstrate the 

expected treatment effect i.e. a positive correlation between monitoring intensity and 

compliance with lung protective parameters in this study. 

Therapeutic intervention intensity beyond monitoring was captured in a second 

tool developed for this study, the PV-TIISS. This instrument was designed to capture a 

dose or intensity of interventions beyond monitoring directed toward management of the 

patient-ventilator system. The frequency of interventions was recorded, and those 

interventions believed to more directly impact management of the patient-ventilator 

system were weighted more heavily in the scoring process. The tool captured how much 

intervention was done, but there was no way to evaluate if a specific intervention was 



  

 187 
 
 

 

performed in response to interpretation of a specific measured parameter, or if the 

intervention was the appropriate intervention and was performed skillfully. To this end, 

the tool cannot be said to capture the complete model of the intervention and may have 

contributed to the failure to demonstrate a positive correlation with the outcome variable 

as expected.  

The high intra-class correlations demonstrated good reliability of the two new 

instruments, and the positive relationships demonstrated between monitoring intensity 

and both severity of illness and intervention intensity offer some support for the 

concurrent validity of the instruments. Sicker patients should receive more monitoring 

and, depending on the problems identified through monitoring, intervention should 

follow. In this study, although monitoring intensity and therapeutic intervention intensity 

were positively correlated with each other, neither of these interventions was positively 

correlated with the outcome variable. To the contrary, monitoring intensity was actually 

negatively correlated with the outcome variable. This failure to demonstrate the expected 

treatment effect can be partially explained by the low incidence of compliance with lung 

protective parameters and the inconsistent implementation of lung protective ventilation 

as discussed above.  

Another factor than may have contributed to these findings is the inclusion of 

parameters and interventions determined to be indirectly related to management of the 

patient-ventilator system on the PV-MIISS and PV-TIISS respectively. Inclusion of such 

items may have decreased the sensitivity of the instruments with respect to their ability to 

measure interventions specific to the lung protective ventilation strategy. Thus, while 
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these instruments were reliable and valid measures of general monitoring and 

intervention intensity, their validity as specific measures for lung protective ventilation 

strategies warrants further exploration. Likewise, the sensitivity of the APACHE II 

instrument to the severity of lung injury warrants further exploration and replication of 

this study using Murray’s (1984) lung injury score should be considered. 

The implicit causal chain linking monitoring to good outcomes begins with early 

detection of complications followed by early intervention, and ends with better outcome 

by way of reduced morbidity. With respect to lung protective ventilation in particular, the 

causal chain linking monitoring to good outcome begins with early detection of a 

parameter outside the set target followed by intervention, i.e. manipulation of the patient-

ventilator system, and ends with good outcome by way of compliance with lung 

protective parameters. The absence of therapeutic intervention in this presumed causal 

chain precludes the achievement of better outcome, and specifically, compliance with 

lung protective parameters. While monitoring may be a necessary intervention in order to 

achieve compliance with lung protective parameters, it is not sufficient in this model. To 

the extent that nursing plays the primary role in the intervention of monitoring, it follows 

that while nursing care may be necessary for the achievement of compliance with lung 

protective parameters, it is not sufficient.  

In the context of this level of interdependency it may not be possible to 

disentangle the unique contributions of nursing and medicine with respect to the 

interventions of monitoring or mechanical ventilation. Absent the ability to disentangle 

the unique contributions of these disciplines to the interventions of interest, the likelihood 
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that their unique contributions to the outcome of interest will be clearly identified is not 

high. Monitoring as an intervention remains elusive and requires further exploration. 

While the PV-MIISS and PV-TIISS provided the ability to measure the “dose” of 

intervention, further refinement of the tools is needed to capture all of the inherent 

behaviors of monitoring and the quality of interventions. Further exploration to determine 

if exclusion of items not directly related to the patient-ventilator system would enhance 

the sensitivity of the instruments is also advocated. To the extent that implementation of 

the treatment protocol described above would hold the medical component of the 

intervention constant, the sensitivity of monitoring and compliance with lung protective 

parameters to nursing may be enhanced. Replication of the current study following 

implementation of such a protocol should be considered.    

Usefulness of Clinical Documentation in Retrospective Designs  

Collection of data for the purposes of research has traditionally involved careful 

planning and quality control to ensure that the data is complete, accurate, and coded 

appropriately for its intended use. Unfortunately, however, the level and consistency of 

quality control in the collection of data for purposes other than research is rarely as high 

(Brownson & Petitti, 1998). Data recorded for clinical purposes poses unique problems 

for researchers with respect to measurement error. According to Aaronson & Burman 

(1994) the medical record reflects documentation of past events. They further assert that 

“The data in these records are once removed from the actual event, and the data extracted 

from them are removed one step further” (p. 67). Measurement error may be introduced 
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at several points including during the original collection of the data by the clinicians, 

during extraction of the data by the researchers, and during the interpretation of the data.  

While inter-rater reliability among the data collectors extracting the data was 

assessed in this study and found to be high, the validity of the data in the medical record 

was not specifically addressed. According to Aaronson & Burman (1994) this is not 

uncommon due to the challenges involved in the process. Interestingly, in their study of 

reliability and validity of medical record data recorded by providers, they found some 

types of data to be more reliable and valid than others. Specifically, they identified that 

physical assessment findings, chief complaints, medical diagnoses, specific tests, major 

problems, and abnormal laboratory findings generally demonstrated “reasonable” validity 

and reliability. Minor problems, normative states, patient histories, and sensitive 

information were found to be less reliable and valid and alternative sources of these data 

for the purposes of research were recommended.  

The data extracted for this study included physical assessment findings and 

laboratory findings, both of which have been identified as having “reasonable” validity. 

Although not formally measured in this study, variability was noted with respect to 

documentation practices among the nursing staff. Such variability was particularly 

common with respect to the frequency of documentation of parameters visible on a 

continuous display monitor and documentation of interventions such as minor procedures 

and notification of physicians. The methodology for assessing monitoring intervention 

intensity and therapeutic intervention intensity in this study was based on the old nursing 

proverb, “if it wasn’t documented it wasn’t done”. While this may be a valid premise 
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from a medical-legal perspective, it is likely to be less valid in a research context in 

which capturing the complete model of monitoring and therapeutic intervention is a goal. 

This would be especially true in the context of the philosophy of documentation known 

as “charting by exception”. Within this philosophy only abnormal or unexpected findings 

and unusual events would be recorded in the medical record (Habel, 2003; Smith, 2002). 

While this approach to nursing documentation was not officially endorsed at the study 

site during the data collection period, according to a nursing administrator at the study 

site, it had been advocated some years previously (personal communication Judy Jones 

March 19, 2004). The prevalence of this philosophy among the nurses at the study site 

during the period of data collection is unknown.  

Failure to demonstrate the expected positive correlations between the process and 

outcome variables in this study must be interpreted in this context. The validity of 

nursing documentation as a data source for the cognitive component of the monitoring 

process warrants further exploration. The philosophy of charting by exception does not 

result in a medical record that captures a complete recording of the clinical encounter, 

and will not allow for the capture of the full model of many nursing interventions 

including monitoring. The ability to quantify the nursing contribution to patient outcomes 

is contingent upon the ability to capture the full model of nursing interventions. To the 

extent that the medical record will continue to be used for the purposes of evaluating the 

quality of nursing care, more comprehensive nursing documentation in the medical 

record is needed.  
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The use of retrospective data to assess adverse events also proved problematic in 

this study as there were only two adverse events reported for the sample during the data 

collection period. Given the estimates of under reporting of adverse events documented 

in the literature this was not particularly surprising (Cullen et al., 1997; Donchin et al., 

1995; Flaatten & Hevroy, 1999; Reed, Blegan, & Goode, 1998;). In the context of a 

retrospective design, adverse events could not be used as nursing sensitive outcome 

measure.  A prospective, observational design is thus advocated for the study of adverse 

events in this population to further explore sensitivity to nursing process measures.  

Summary 

This chapter contained a summary of the study, and a discussion of the major 

findings in the context of the purpose, the outcomes research framework, current clinical 

practice, and pertinent scholarly debate. Based on this discussion, conclusions and 

implications were identified, and recommendations for future research and clinical 

practice were presented. Monitoring intervention intensity, therapeutic intervention 

intensity, compliance with lung protective parameters, and adverse events were explored 

as potential nursing sensitive indicators. Two new instruments were introduced to 

measure monitoring intervention intensity and therapeutic intervention intensity with 

reliable performance noted. The heterogeneity of the ARDS population, the process of 

integrating research into practice, the interdependent nature of the interventions of 

interest, and retrospective nature of the study were identified as issues that affected the 

sensitivity of the selected study variables to the unique contribution of nursing to the care 

of patients with ARDS receiving mechanical ventilation in this study. Further exploration 
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of the sensitivity of these variables to the unique contribution of nursing, as well as the 

identification of other nursing sensitive variables, is needed. 
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Appendix A 
Structure-Process-Outcome Model for Nursing Care of Patients with ARDS Receiving Mechanical Ventilation 

 
 

Process 
 

Patient-Ventilator Monitoring Intervention 

Intensity 

Patient-Ventilator Therapeutic Intervention 

Intensity 

Patient 

Characteristics 

Severity of Illness 
Etiology of ARDS

Short Term Outcomes 
 
Compliance with Lung Protective Parameters  

Adverse Events 
 
 

Structure 
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Appendix B 

The APACHE II Severity of Disease Classification System 
                           High Abnormal Range                                          Low Abnormal Range Physiologic Variable 

+4 +3 +2 +1 0 +1 +2 +3 +4 
Temperature – rectal (°C) Ο 

≥41° 
Ο 

39°-40.9° 
 Ο 

38.5°-38.9° 
Ο 

36°-38.4° 
Ο 

34°-35.9° 
Ο 

32°-33.9° 
Ο 

30°-31.9° 
Ο 

≤29.9° 
Mean Arterial Pressure-mmHg Ο 

≥160 
Ο 

139-159 
Ο 

110-129 
 
 

Ο 
70-109 

 Ο 
50-69 

 
 

Ο 
≤ 

Heart Rate 
(Ventricular response) 

Ο 
≥180 

Ο 
140-179 

Ο 
110-139 

 Ο 
70-109 

 Ο 
55-69 

Ο 
40-54 

Ο 
≤39 

Respiratory Rate –  
(non-ventilated or ventilated) 

Ο 
≥50 

Ο 
35-49 

 Ο 
25-34 

Ο 
12-24 

Ο 
10-11 

Ο 
6-9 

 Ο 
≤ 

Ο 
≥500 

Ο 
350-499 

Ο 
200-349 

 Ο 
≤200 

    Oxygenation:A-aDO2 or PaO2 
(mmHg) 
a. FIO2 ≥0.5 record A-a DO2 
b. FIO2 ≤0.5 record only PaO2 
 

    Ο 
>70 

Ο 
61-70 

 Ο 
55-60 

Ο 
<55 

Arterial pH Ο 
7.7 

Ο 
7.6-7.69 

 Ο 
7.5-7.59 

Ο 
7.33-7.49 

 Ο 
7.25-7.32 

Ο 
7.15-7.24 

Ο 
<7.15 

Serum Sodium (mMol/L) Ο 
≥180 

Ο 
160-179 

Ο 
155-159 

Ο 
150-154 

Ο 
130-149 

 Ο 
120-129 

Ο 
111-119 

Ο 
≤110 

Serum Potassium (mMol/L) Ο 
≥7 

Ο 
6-6.9 

 
 

Ο 
5.5-5.9 

Ο 
3.5-5.4 

Ο 
3-3.4 

Ο 
2.5-2.9 

 Ο 
<2.5 

Serum Creatinine (mg/100 ml) 
(Double point score for acute renal 
failure) 

Ο 
≥3.5 

Ο 
2-3.4 

Ο 
1.5-1.9 

 Ο 
0.6-1.4 

 Ο 
<0.6 

  

Hematocrit (%) Ο 
≥60 

 
 

Ο 
50-59.9 

Ο 
46-49.9 

Ο 
30-45.9 

 Ο 
20-29.9 

 Ο 
<20 

White Blood Cell Count (total/mm3) 
(in 1000’s) 

Ο 
≥40 

 Ο 
20-39.9 

15-19.9 Ο 
3-14.9 

 Ο 
1-2.9 

 Ο 
<1≥ 

Glasgow Coma Score (GCS): 
Score = 15 minus actual GCS 

Ο Ο Ο Ο Ο Ο Ο Ο Ο 

A Total Acute Physiology Score 
(APS): Sum of the 12 individual 
variable points 

         

Serum HCO3 (venous-mMol/L) 
(Not preferred, use if no ABGs) 

Ο 
≥52 

Ο 
41-51.9 

 Ο 
32-40.9 

Ο 
22-31.9 

 Ο 
18-21.9 

Ο 
15-17.9 

Ο 
<15 
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B Age Points: 
 Assign points to age as follows: 

Age (yrs)  Points 
≤44  0 
45-54 2 
55-64 3 
65-74 5 
≥75  6   
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
   
 
 
 

 
 
(Knaus, Draper, Wagner, & Zimmernam, 

1985) 
 
 
C Chronic Health Points 

If the patient has a 
history of severe organ system 
insufficiency or is 
immunocompromised assign 
points as follows: 

a. for nonoperative or emergency 

postoperative patients – 5 

points 

or 
b. for elective postoperative 

patients – 2 points 

 

DEFINITIONS 
Organ insufficiency or immunocompromised state 
must have been evident prior to this hospital 
admission and conform to the following criteria: 
 
LIVER: Biopsy proven cirrhosis and documented portal 
hypertension; episodes of past upper GI bleeding attributed 
to portal hypertension; or prior episodes of hepatic 
failure/encephalopathy/coma. 
 
CARDIOVASCULAR: New York Heart Association Class 
IV. 
 
RESPIRATORY: Chronic restrictive, obstructive, or 
vascular disease resulting in severe exercise restriction, i.e., 
unable to climb stairs or perform household duties; or 

documented chronic hypoxia, hypercapnea, secondary 
polycythemia, severe pulmonary hypertension (>40mmHg), 
or respirator dependency. 
 
RENAL: Receiving chronic dialysis. 
 
IMMUNO-COMPROMISED: The patient has  
receivedtherapy that suppresses resistance to infection, e.g., 
immuno-suppression, chemotherapy, radiation, long term or 
recent high dose steroids, or has a disease that is sufficiently 
advanced to  
suppress resistance to infection, e.g., leukemia, lymphoma, 
AIDS.  
 
 
 
 
 
 
 
 

APACHE II Score  
 

Sum of  A    +  B     +      C 
 
 
A APS Points ______________________ 
 
 
B Age Points ______________________ 
 
C Chronic Health Points _____________ 
 
 
Total APACHE II _______________________ 
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Appendix C 
Patient/Ventilator Monitoring Intervention Intensity Scoring System 

(PV-MIISS) 
Shift # __________ 

 
 

         Total 
_______________ ECG  (1)     ______________________ 
_______________Heart Rate (2)    ______________________ 
_______________Blood Pressure (1)   ______________________ 
_______________Temperature (1)    ______________________ 
_______________Set Respiratory Rate (3)   ______________________  
_______________Total Respiratory Rate (3)  ______________________ 
_______________FIO2 (2)     ______________________ 
_______________Delivered/Inspiratory Tidal Volume (3) ______________________ 
_______________Exhaled Tidal Volume (3)  ______________________ 
_______________Set Inspiratory Pressure (3)  ______________________ 
_______________Set PEEP (3)    ______________________ 
_______________Total PEEP (3)    ______________________ 
_______________I:E (3)             ______________________ 
_______________Maw (3)     ______________________ 
_______________Plateau Pressure (3)   ______________________ 
_______________Peak Inspiratory Pressure (3)  ______________________ 
_______________Static Effective Compliance (3)  ______________________ 
_______________Arterial pH (2)    ______________________ 
_______________PaO2 (2)     ______________________ 
_______________PaCO2 (2)     ______________________ 
_______________HCO2 (1)     ______________________ 
_______________SaO2 (2)     ______________________ 
_______________SpO2 (2)     ______________________ 
_______________ETCO2 (2)     ______________________  
_______________Cardiac Output (2)   ______________________  
_______________Pulmonary Artery Pressure Readings (1) ______________________  
_______________CVP Readings (if no PA catheter) (1) ______________________ 
_______________Assessment of Breath Sounds (2)  ______________________  
_______________Sputum Production (2)   ______________________ 
_______________Urine Output (1)    ______________________  
_______________Calculation of Fluid Balance (1)  ______________________ 
_______________Weaning Parameters (2)   ______________________ 
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Appendix D 
Patient/Ventilator Therapeutic Intervention Intensity Scoring System (PV-TIISS) 

Shift # _______ 
          Total 
 
_______________MD Notification of Monitored Parameters (3)  ___________ 
_______________Change in FIO2 (3)     ___________ 
_______________Change in Set Rate (3)     ___________ 
_______________Change in Set Inspiratory Pressure (3)   ___________ 
_______________Change in Inspiratory Time/I:E (3) (If IRV)  ___________ 
_______________Change in Set PEEP (3)     ___________ 
_______________Change in Set Tidal Volume (3)    ___________ 
_______________Administration of Respiratory Treatments (2)  ___________ 
_______________Administration /Change in Dose of Sedative Agent (2) ___________ 
_______________Administration/Change in Dose of Paralytic Agent (2) ___________ 
_______________Use of Rotating Bed (1)     ___________ 
_______________Endotracheal Suctioning (2)    ___________ 
_______________Change in Maintenance IVF Rate (1)   ___________ 
_______________Change in Rate of Enteral feeding/Hyperalimentation (1) __________ 
_______________Change in Mode of Ventilation (3)   ___________ 
_______________Manipulation of ETT (2)     ___________ 
_______________Manual Turning (1)     ___________ 
_______________Administration of Diuretic Agents (1)   ___________ 
_______________Administration of Stress Ulcer Prophylactic Agent (1) ___________ 
_______________Administration of Fluid Bolus (1)   ___________ 
_______________Adm of Antibiotic for (1)                            ___________ 
_______________Oral Care  (2)      ___________ 
_______________ETT Care (2)      ___________ 
_______________Placement of Peripheral IV (1)    ___________ 
_______________Change Ventilator (2)     ___________ 
_______________Chest X-Ray (2)      ___________ 
_______________Planned Extubation (2)     ___________ 
_______________T-bar Trial (2)      ___________ 
_______________Removal of Chest Tube (2)    ___________ 
_______________Change Chest Tube Dressing (1)    ___________ 
_______________Placement of Orogastric/Nasogastric Tube (1)  ___________ 
_______________Placement of Arterial Line (1)    ___________ 
_______________Placement of Central Line (1)    ___________ 
_______________Prone Positioning (2)     ___________ 
_______________Placement of Chest Tube (2)    ___________ 
_______________Re-Intubation (3)      ___________ 
_______________Placement of Pulmonary Artery Catheter (1)  ___________ 
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Appendix E 
Subject Enrollment Form 

 
______________________________  ______________________________ 

 Subject      ID# 
 
______________________________  ______________________________ 
  Date of Diagnosis     Shift 
 
Unit: __________Age: ___________Weight: _________Height:___________ 
 
Gender: ________Ideal Body Weight: ________ APACHE II Score: ________ 
 
Admitting Diagnosis: ______________________________________________________ 
 
Etiology of ARDS: ________________________________________________________ 
 
Date of Hospital Admission: _____________ Date of ICU Admission _______________ 
 
Date & Time of Intubation: __________________  Room #: ______________________ 
 
Data Collector: ___________________________________________________________ 
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