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ABSTRACT

RELIABILITY OF
URINARY BLADDER PRESSURE MEASUREMENT

IN CRITICAL CARE

By

Melanie Horbal Shuster, PhD, RN
Dissertation supervised by: L. Kathleen Sekula, PhD, APRN-BC, Associate Professor of
Nursing
Background of the study: Intra abdominal pressure (IAP) theoretically may be a
predictor of enteral nutrition tolerance (EN). Urinary bladder pressure (UBP) is the gold
standard for estimating IAP. Current recommendations for UBP measurement (UBPM)
calls for the instillation of normal sterile saline (NSS) into the bladder while the patient is
supine with a zero degree (0°) head of bed elevation (HOBE). How different instill
volumes (IVs) and body positions influence UBPM were unknown, and the intra- and
inter-observer reliability had not been adequately investigated.
Specific aims: 1) Systematically evaluate the relative contribution of bladder IV and
subject’s position upon UBPM. 2) Determine inter- and intra- observer reliability of
UBPM. 3) Identify other factors that may influence IAP and UBPM: age, gender, Body
Mass Index (BMI), net fluid balance (NFB), positive airway pressure, use of paralytic

agents, EN and length of stay (LOS). Method: Prospective randomized study of 120

iv



critically-ill adults who had UBPMs taken in four different positions and before and after
three different 1\VVs. All UBPMs except 20 were obtained by the principle investigator
(P1). To determine inter-and intra-observer reliability the P1 and a nurse co-investigator
obtained 20 UBPMs each in 10 subjects.

Results: Two way ANOVA showed a significant volume (p<0.053), position (p<0.007)
and volume-position interaction (p<0.004). 200 ml IVs gave higher UBP estimates and
variability, 0 ml 1V gave lower UBP estimates, high variability and occasional negative
values. The supine-0° HOBE yielded lower values. No statistically significant
difference in UBP was observed among the three positions that were with a 30° HOBE
when measured with a 25 ml I1V. Intra-and inter-observer reliability was high. BMI,
NFB, LOS, and EN use were found to be predictors of UBP.

Significance to nursing: The findings of this study impacts critical care (CC) nurses’
bedside practice by contributing data to develop an evidenced based UBPM procedure. It
also allows for further investigation of the relationship between increased IAP and the
gastrointestinal tract in critical illness and will facilitate the exploration of the

relationship between increased IAP and EN tolerance.
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Chapter 1

Introduction

Background of the Study

Critically ill patients, like all humans, require nutrition to survive. Often,
critically ill patients cannot eat secondary to endotracheal intubation, dysphagia, or an
altered level of consciousness. Invasive nutritional support therefore must be provided to
these individuals either via the parenteral or enteral route. Recent evidence supports
preferential use of the enteral over the parenteral route to minimize the complications and
poor outcomes that have been observed with parenteral nutrition (Heyland, Dhaliwal,
Drover, Gramlich, & Dodek, 2003). However, the provision of enteral nutrition (EN) to
critically ill patients is not without challenges (Guenter & Silkroski, 2001). The greatest
difficulties are related to the initiation, advancement, and maintenance of EN (Bernard et
al., 2004), which is under the purview of the bedside critical care nurse (CCN) who
executes the prescribed EN orders while continuously monitoring the patients’ response
(Pinilla, Samphire, Arnold, Liu, & Thiessen, 2001).

Enteral nutrition administration is often limited by critically ill patients’
intolerance. Intolerance is defined by Bernard and colleagues (2004) as side effects,
adverse reactions, and complications that occur during the administration of EN.
Intolerances include physical signs and symptoms such as nausea, vomiting, or bloating;

metabolic derangements including hyperglycemia and altered electrolytes; and functional



or motility problems (ileus) which, individually or collectively, impedes the attainment of
nutritional goals. Enteral nutrition intolerance is partially related to altered and/or
compromised intestinal function. Currently there is no objective tool or reliable method
to assess intestinal function in critically ill patients. Such a tool or method could be used
to predict which patient will or will not tolerate EN, and would be most useful for nurses.
A potential objective predictor of EN tolerance is intra-abdominal pressure (1AP).
Intra-abdominal pressure is the steady state pressure within the abdominal cavity.
Intra-abdominal pressure varies between individuals, with position and activity. In
normal human subjects in the supine position, IAP is zero or slightly positive (Tzelepis,
Nasiff, McCool, & Hammond, 1996). The IAP normally increases during inspiration
(diaphragmatic contraction) and decreases during expiration (relaxation) (Drye, 1948;
Tzelepis et al., 1996). In hospitalized patients in the supine position, IAP ranges from 0
to 12.5 mmHg with a mean of 6.5 + 3.3 mmHg (Sanchez et al., 2001). Intra-abdominal
pressure increases when the volume (blood, air, water, etc.) inside the abdominal cavity
increases or when abdominal wall compliance is reduced or inhibited (binders). A
measured IAP value > 12 mmHg is considered intra-abdominal hypertension (I1AH)
(Malbrain, De Laet, & Cheatham, 2007). This commonly occurs with abdominal trauma
or surgery or with aggressive fluid resuscitation secondary to shock states.
Intra-abdominal pressure may be a good prognostic indicator of EN tolerance,
because gastrointestinal (GI) physiology is very sensitive to increased IAP. Intestinal,
gastric and hepatic blood flows are reduced when IAP is > 10 mmHg causing intestinal
hypoxemia, ischemia, and edema (Bongard, Pianim, Dubecz, & Klein, 1995; Caldwell &

Ricotta, 1987; Diebel, Dulchavsky, & Wilson, 1992; Ivatury et al., 1998). As IAP



increases, intestinal perfusion decreases creating a cycle of cellular hypoxia,
inflammation and edema that continues unabated until perfusion is restored or intestinal
cellular death occurs. Intestinal ischemia and edema disrupts many of the protective
intestinal barrier functions and may allow migration of bacteria from the intestinal lumen
to the lymphatic system (Alverdy, Laughlin, & Wu, 2003; Diebel, Dulchavsky, & Brown,
1997; Gargiulo, Simon, Leon, & Machiedo, 1998; Steinberg, 2003), a process known as
translocation. Bacteria also incite the production of pro-inflammatory cytokines further
perpetuating this destructive cycle (Oda, Ivatury, Blocher, Malhotra, & Sugerman, 2002;
Rezende-Neto et al., 2002). In the critical care unit (CCU), IAH and bacterial
translocation have been implicated as an etiology of bacteremia, systemic inflammatory
response syndrome (SIRS), and the development of the multiple organ failure syndrome
(MOFS) (Balogh, McKinley, Cox et al., 2003; Moore, 1999)

Increased IAP also affects organ systems other than the Gl tract. The
cardiovascular system is affected by a decreased venous return leading to a decreased
cardiac output (Kashtan, Green, Parsons, & Holcroft, 1981; Ridings, Bloomfield,
Blocher, & Sugerman, 1995). The pulmonary system is affected because increased IAP
elevates the diaphragm, which in turn reduces thoracic volume and lung compliance and
increases intra-pleural pressure (Cullen, Coyle, Teplick, & Long, 1989). The renal
system is affected due to compression of the renal veins and collecting systems (Harman,
Kron, McLachlan, Freedlender, & Nolan, 1982). Finally, IAH can result in increased
intra-thoracic pressure, which in turn may cause obstruction of cerebral venous blood
flow leading to increased intra-cranial pressure and brain injury (Bloomfield, Ridings,

Blocher, Marmarou, & Sugerman, 1997; Ertel, Oberholzer, Platz, Stocker, & Trentz,



2000). The development of organ dysfunction in one or more systems in association with
IAH is known as abdominal compartment syndrome (ACS). Therefore, it stands to
reasons that EN intolerance will occur with ACS. The treatment of ACS is abdominal
decompression and is accomplished most effectively with surgery and less effectively
with nasogastric suction or drainage tubes (De Keulenaer et al., 2003) and muscle
relaxants (De Waele, Benoit, Hoste, & Colardyn, 2003). Effective decompression will
decrease IAP and in turn permit EN tolerance.

Presently there is no reliable or accurate way to determine IAP by physical
examination, but it can be measured by direct or indirect techniques. Because the
abdomen is considered to be a relatively non-compressible cavity and primarily fluid in
character, IAP can be measured directly by percutaneously inserting a catheter into any
part of the abdomen or indirectly by inserting catheters into any hollow structure within
the abdomen such as the inferior vena cava, uterus, or portal vein. The most commonly
used indirect measurement techniques to assess IAP in the CCU are gastric, rectal, and
urinary bladder catheters. Among these, the urinary bladder pressure (UBP) is the most
widely used and is considered to be, by experts in the field, the gold standard for
estimating IAP (Malbrain et al., 2006).

Many clinicians survey critically ill patients for IAH by measuring UBP. When
ACS develops there is a need for emergent intervention, i.e. laparotomy or drainage of
intra-abdominal fluid collections. However, there is no consensus as to the absolute
value of UBP which indicates a need for intervention. Furthermore, the measurement of
UBP is not standardized and may lead to under or over estimations. Underestimation of

UBP may delay abdominal decompression in some individuals, while over estimation of



UBP may promote surgical intervention in some individuals when it is not warranted.
Therefore, accurate and reliable UBP measurements as estimated by the bedside CCN is
of crucial importance from the nursing, medical, and surgical standpoints, and to assess
the usefulness of UBP as a predictor of enteral nutrition tolerance.

Urinary bladder pressure measurement in critically ill patients is a nursing
responsibility, however the technical accuracy and reliability of UBP measurements
taken by the bedside CCN is currently unknown. This is not surprising since the same
can be said of cardio-pulmonary pressure monitoring (CPPM). Compared with bedside
CPPM, bedside UBP monitoring (UBPM) is considered to be in its infancy with regards
to experience, interpretation, and interventions based on the data. Research has shown
that when monitoring equipment is properly assembled and calibrated, valid cardio-
pulmonary pressure (CPP) measurements can be obtained (Ahrens, 1997; Gardner, 1996;
Woods & Mansfield, 1976)

Therefore, variability in CPP measurements is not attributed to equipment
problems but to differences in nurses’ knowledge and skills. The nursing skills required
for CPP measurements are proper positioning of patients, selecting the appropriate
reference point, preparing the monitoring equipment, leveling and zeroing the transducer,
assurance of waveform transmission, interpretation of the waveforms (Ahrens, Penick, &
Tucker, 1995; Quaal, 1993) and recording the data. Unfortunately, little is known about
the technical accuracy and reliability of CPP values obtained by nurses. The little that is
known indicates CCNs’ knowledge of CPPM is fragmented and inadequate (Ahrens,

1997, 1999).



Cardio-pulmonary pressure monitoring was introduced into clinical practice in the
1970’s as a way to monitor patients with acute cardiac disease (Swan et al., 1970). Since
then, CPPM has grown and guides therapy of critically ill non-cardiac patients as well.
Cardio-pulmonary pressure is a measurement and monitoring technique usually
performed or supervised by bedside CCNs and the information obtained is used by
critical care practitioners to guide patient therapy. Nurses have been monitoring CPP for
over 30 years. Despite the wisdom and experience gained over this period, the nursing
knowledge and practice of CPPM is regrettably poor. In particular, the technical
accuracy and reliability of CPPM is not known. The main reason for this situation is the
absence of nursing research that validates and guides the practice of CPPM. Therefore,
the validity and reliability of CPPM by CCNs, and its value to critical care practitioners
as a tool for directing patient care is questionable.

Although many physicians believe that the information provided by CPPM is
useful in guiding therapy and improving patient outcomes (Trottier & Taylor, 1997)
others do not. Connors et al. (1983) reported that CPPM was associated with high
mortality rates and high utilization of resources. Based on this data, in an accompanying
editorial, Dalen and Bone (1996) called for a moratorium on the use of CPPM until more
data were available from clinical trials.

As with CPPM, UBPM will be performed at the bedside by CCNs and data
obtained will be used by critical care practitioners to guide patient care and for the
potential monitoring of EN tolerance. Inaccurate and or unreliable UBP measurements
will lead to improper patient care. Therefore, it is important that the technical accuracy

and reliability of the UBP measurement procedure and monitoring technique be



established before it becomes widely used. Failure to perform the proper nursing studies
now will promote tradition based nursing practice and not evidenced based practice.

Three major variables that can impact UBP measurement are bladder instill
volume, patient position, and the nursing procedure for measurement. Bladder instill
volume is the volume of normal sterile saline (NSS) injected into the urinary bladder
prior to obtaining a pressure reading. It is assumed that the bladder needs to be distended
to accurately transmit IAP (Kron, Harman, & Nolan, 1984; Malbrain, 1999) but UBP has
been measured using no instill volume or as much as 250 milliliters (ml). Currently, it is
not known how a small or large instill volume affects UBP.

Current guidelines recommend that UBP be measured in the supine position only
(Gallagher, 2005; Lameier & NeCamp, 1990). Because patients in CCU are rarely
positioned flat and supine, this implies that patients will need to be re-positioned before
UBP is measured several times per day. This will disrupt patient’s sleep and increase
nurse’s workload. Furthermore, patients who are enterally fed will need to have the EN
stopped for the UBP measurement decreasing the amount of EN provided to the patient.
Therefore, it is important to determine if UBP needs to be measured in the supine
position only, or if it can be as effectively measured when the patient is in a more
comfortable or required position, i.e. 30 degree head of bed elevation (30° HOBE).
Further studies are needed to determine the affect of patient’s position upon UBP and to
decide if patients truly need to be flat and supine to have IAP measured accurately.

In the CCU, UBP may be measured once, several times per day, or continuously.
The current literature most commonly reports UBP as a maximal or mean UBP, which is

the average of four measurements usually measured every six hours during a 24-hour



period. Few data regarding the intra-observer reliability of a single measurement or for
repeated UBP measurements exists. Preliminary studies indicate that the coefficient of
variation of UBP is 4% to 66% (Malbrain, 2004; Malbrain et al., 2004; Malbrain, 1999).
The apparent large variation in UBP may be due to true diurnal variation of IAP, to inter-
observer variability, to intra-observer variability, or to other technical issues of the UBP
measurement technique such as leveling, zeroing, patient position, etc. Although nursing
procedures for UBP have been established and recommended for clinical use, these
procedures have been written, recommended, and advocated without scientific evidence
(Balogh & Moore, 2005a).

In summary, EN intolerance occurs in critically ill patients. Presently, there is no
reliable objective method to evaluate GI physiology and its relationship to EN intolerance
or the potential for developing EN intolerance. Intra-abdominal pressure may be a tool to
assess Gl physiology and EN tolerance. Intra-abdominal pressure can easily be measured
at the bedside indirectly using UBP, and CCNs are charged with the responsibility of
UBP measurement. Because UBP data is used by clinicians to guide patient care, it is
important to assure that UBP measurements are accurate and reliable. Unfortunately, the
technical accuracy and reliability of UBP measurements taken by bedside CCNs are
unknown. In addition, there is not a consensus regarding the effect of bladder instill
volume and patient’s position upon UBP measurement. Therefore, before UBP
measurement becomes widespread and used as an index to assess EN tolerance, it is
important that nursing research be conducted to determine the role of bladder instill
volume and patient position upon the reliability of UBP measurements taken by CCNs at

the bedside. This study will provide the necessary data required to develop an evidenced



based procedure and protocol for CCNs to measure UBP at the bedside of critically ill

patients. Establishing evidence based practice of bedside UBPM is necessary to avoid

the controversies and problems that have occurred with CPPM, and evade the errors in

the interpretation of the data that have been witnessed with bedside hemodynamic

monitoring.

Purpose of the Study

The purpose of this study is to critically evaluate the process of UBPM in a

naturalistic critical care setting. The specific aims are to:

1.

Systematically evaluate the relative contribution of bladder instill volume
upon UBP measurement.

Systematically evaluate the relative contribution of subject’s position upon
UBP measurement.

Determine the inter-observer reliability of UBP measurement.

Determine the intra-observer reliability of UBP measurement.

Identify other factors that may influence IAP and UBP measurement: age,
gender, Body Mass Index (BMI), fluid balance, respiratory or ventilatory
status, and paralytic agents.

Develop evidence-based recommendations for UBP measurement by

bedside CCN:s.

Research Questions

Does the amount of bladder instill volume effect UBP measurement?



2. Does subject’s body position effect UBP measurement?

3. What is the inter-observer reliability of UBP measurement?

4. What is the intra-observer reliability of UBP measurement?

5. What other factors influence UBP measurement?

6. What are the elements of an evidenced based protocol necessary for CCNs

to reliably perform bedside UBP measurement?

Definition of Terms
Instill volume is the amount of NSS instilled into the urinary bladder prior to
obtaining a bladder pressure measurement. This volume is assumed to be necessary to
distend the bladder to assure that a bladder pressure can be transduced to a bedside
monitor and measured and is reflecting the 1AP.

Critical care unit (CCU) is a geographic location within the hospital where

critically ill adult patients are admitted for aggressive and intensive medical and nursing
care. The term critical care unit is used as the preferred term reflecting the concept of
acuity. However, it also includes intensive care unit (ICU) as these are designations of
specific units. Adults patients admitted to any of the six critical care units: trauma,
surgical ICU, medical ICU, coronary care, and two neuro ICUs were screened for
possible inclusion into the study.

Intra-abdominal pressure (IAP) is the steady state pressure within the abdominal

cavity at any given time and in healthy individuals is zero when supine, but in critically

ill patients can range from zero to 50 mmHog.
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Position refers to one of four positions subjects assumed for bladder pressure

measurement. Positions will vary by supine or back lying and lateral or side lying and by

the degree of HOBE, zero or 30°.

Supine-0° HOBE position: subject supine with 0° HOBE and a pillow
under the head.

Supine-30° HOBE position: subject supine with 30° HOBE and a pillow
under the head.

Right lateral-30° HOBE position: subject right side lying with a 30°
HOBE and a pillow under the head and a second pillow placed between
the legs. The right lateral position will also be maintained with a 45°
wedged positioning pillow.

Left lateral-30° HOBE position: subject left side lying with a 30°HOBE
and a pillow under the head and a second pillow placed between the legs.
The left lateral position will also be maintained with a 45° wedged

positioning pillow.

Reliability has been defined by Dolter (1989) as consistency, stability, and

repeatability of results. Acknowledging this definition and for the purpose of this study,

reliability is further defined as the ability to reproduce and record the same or a very

similar UBP measurements at two different times by one or more observers (within a 30

minute period) using the same procedure.

Urinary bladder pressure (UBP) is an indirect method of measuring IAP.

Validity for the purpose of the study refers to the ability of a UBP measurement to

accurately measure 1AP.
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Assumptions
. The abdominal cavity is a closed system that behaves according to
Pascal’s law.
Urinary bladder pressure is a valid method of measuring IAP.
Urinary bladder pressure measurement is an indirect measure of 1AP.
Urinary bladder pressure measurement is an important clinical sign to be
monitored in critically ill patients.
Measurement of UBP by hydrostatic methods is reliable.
Bedside monitoring equipment when properly calibrated and assembled
accurately measures pressures.
Urinary bladder pressure measurement is an important nursing
responsibility.

Limitations
Subjects were selected from multiple critical care units but only one

clinical site was used.

. A limited and selected number of bladder instill volumes were studied

(0 ml, 25 ml, 50 ml, 200 ml).

. A'limited and selected variety of body positions were studied. Two
positions were supine with zero and 30° HOBE, and two were side lying
positions, right and left lateral, both with 30° HOBE.

. This study did not include an independent measure of 1AP to validate the

indirect measurement of UBP in critically ill patients.
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Strengths

. The same observer completed multiple (480) UBP measurements.

. A variety of subjects in varied clinical settings were measured by the same
observer.

More subject positions and bladder instill volumes were studied by one
observer than any other study to date.

Uniquely designed and highly powered human study of UBP measurement

in a critical care setting.

Weaknesses
Only one clinical site for the study was used.
. A'limited population by age, gender, BMI, ethnicity, positive airway
pressure, paralytic agents, and diagnosis was studied.
No changes in outcomes were measured.

Reliability was only determined between two nurses.

Significance of the Study

The intention of the study was to evaluate the important factors necessary to

standardize the critical care nursing procedure for bedside UBP measurement. The

findings of this study will have immediate impact upon CCN’s bedside practice by

contributing the data necessary to develop an evidenced based UBP measurement

procedure that may be evaluated as a tool for enteral feeding tolerance.
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The study also has broader implications for critical care nursing and medicine as
it relates to the phenomenon of increased IAP and Gl pathophysiology. In particular, it
will allow for further investigation of the relationship between increased IAP and the
physiological response of the Gl tract in critical illness, as well as the investigation of the
relationship between increased IAP and the function of other organ systems in critical
iliness. Specifically, the results of this study will facilitate the exploration of the
relationship between increased IAP and EN tolerance.

Finally, the results of the study will have greater clinical implications. Once the
technique of UBP measurement is standardized, UBP can be measured more frequently.
More frequent measurement will be helpful in establishing circadian variances and
differences that may be related to various critical care states. This will lead to prompt
recognition and diagnosis of ACS and perhaps will lead to earlier treatment and

interventions preventing patient compromise.
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Chapter 2
Review of the Literature

Introduction

The purpose of this literature review is two fold. First, to discuss the basic
pressure concepts upon which 1AP and UBP measurements are based, and second to
review studies of UBP validity and reliability measurements.

Intra-abdominal pressure can be measured like a variety of other bodily pressures,
because pressures are generated within the human body secondary to fluid filled cavities
being contained within semi rigid structures. Physical properties and flow dynamics
influence these pressures. The literature review will evaluate the concepts of pressure
measurement including: principles of hydrostatic pressure, intra-abdominal pressure
physiology, clinical significance of increased IAP, factors affecting IAP measurement
and interpretation, techniques of IAP measurement, and UBP measurement as an
indicator of IAP.

Pressures that are generated in fluid filled cavities can be quantified or measured
when compressed or cannulated, i.e. blood pressure measured with a cuff and manometer
or an arterial line. Nurses frequently are responsible for measuring various patient
pressures, using direct and indirect techniques, interpreting the measurements, and often
initiating or altering therapy and treatments based on these observations by employing

algorithms or by consulting with other practitioners. Urinary bladder pressure as an
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indirect measure of AP is one of the more recent cavity pressures to be measured at the
patient’s bedside, and the literature review will examine animal and human studies of
validity and reliability of IAP and UBP measurements. The concepts of pressure
measurement and the relevant research studies together form the foundation upon which
the research questions and study design addressing nursing and UBP measurement rests.
The unifying theoretical model upon which the study is based is depicted in Figure 1.
The study investigated the left side of the model which is the role of nursing in the
accuracy and reliability of UBP measurement. However, it is important to acknowledge
the right side of the model, which represents the physiological and clinical relevance of
the study. At the center of the model is tolerance to EN which was the research
hypothesis that prompted the current study. It is hoped that the research findings
generated from this study will later be used to investigate if UBPM is a reliable predictor

of EN tolerance.
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Nursing and UBP Measurement

Legend:

Urinary Bladder Pressure (UBP)
Intra-abdominal Pressure (IAP)
Intra-abdominal Hypertension (1AH)
Abdominal Compartment Syndrome (ACS)
Multiple System Organ Failure (MSOF)
Gastrointestinal (GI)

Concepts of Pressure

Hydrostatic Pressure Measurement

Techniques of Measurement

Influencing Factors of UBP Measurement

Validity

Clinical
Significance

Increased

Volume Pressure

Intra-abdominal Physiology

Altered Gl
Physiology

Altered Physiology

Figure 1. Theoretical model for reliability of bedside urinary bladder pressure

measurement and enteral nutrition in critical care.
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Although a nursing theory is not directly tested in the current study, the critical
thinking theory of Benner (1982; 1996) as applied to nursing by Martin (1995) represents
a theoretical framework for the rationale and nursing importance of the study. Critical
thinking is the cerebral process employed by nurses in clinical decision making.
According to this theory, nurses’ critical thinking ascends from a low to a high level over
time as a nurse becomes more knowledgeable and experienced (Figure 2). Benner (1987;
1992) describes five levels of nursing competence based on knowledge and years of
experience: novice, new beginner, competent, proficient, and expert.

The novice is a student or new graduate and is transitioning from student to
professional nurse. This is often facilitated in the orientation phase of an initial
professional nursing position. Knowledge and experience are gained through mentoring
and preceptoring relationships. Novice nurses use objective data to make clinical
decisions with the assistance of others. The advanced beginner is a nurse with less than
two years of experience whose practice is guided by policies and procedures and is
focused on tasks, but uses a theoretical knowledge base. Nurses transitioning to the
competent level integrate theoretical knowledge and experience and have mastered
technical skills and have practiced nursing for two to three years. After three to five
years of experience proficiency is attained. At this level nurses have in-depth knowledge
and have a more global approach to patients and families and are able to respond to
unplanned events. Finally, as an expert nurse with greater than five years of experience,
care is delivered with confidence to patients and families both independently and
collaboratively and is based upon a deep and wide knowledge foundation (Benner, 1982;

Benner et al., 1992; Haag-Heitman & Kramer, 1998).
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Novice ) Expert

Experience

Decision-
Making

Knowledge

Low .
" ) High
Critical Crit?cal
Thinking Thinking

Figure 2. Critical thinking theory as applied to nursing.

Note. Adapted from The Theory of Critical Thinking of Nursing, by C. Martin, (2002). .

Applying the critical thinking theory of Benner (1982) to the decisions regarding
the administration of EN in critically ill patients is two fold. First, it could be
hypothesized that when comparing novice nurses to expert nurses, the expert nurse would
be better able to use subjective and objective data of Gl tract function and would make
more appropriate decisions regarding initiation, advancement, and maintenance of EN, as
well as suspending and terminating EN. Second, it could be hypothesized that expert

nurses would also be more adept at recognizing subjective and objective signs of normal
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Gl tract function or dysfunction more readily and accurately when compared to novice
nurses, therefore expert nurses would be better able to decide when to initiate, advance,
maintain, suspend or terminate EN.

Furthermore, it is hoped that Benner’s theory of critical thinking in nursing as
applied to UBP would be able to demonstrate that novice nurses lack tolerance for
patients who experience alterations in Gl tract functions with EN and prematurely
terminate feeding as compared to expert nurses. Continuing with this thought process
and when considering the elements upon which EN administration decisions are made by
bedside nurses, it would be expected that as nurses gain knowledge and experience with
EN better decisions would be made in regards to successful administration of EN.
Therefore, because an objective tool of assessing Gl tract function or EN does not
currently exist, it would be expected that patients cared for by expert nurses would
achieve higher success in EN administration because such a nurse will rely more on
experience (Figure 3). In contrast, patients cared for by novice nurses would be at a
disadvantage due to lack of experience. Finally, the lack of an objective tool for Gl tract
function and assessment decreases the level of clinical decisions made by all levels of
nurses and an objective reliable tool would be most helpful for all levels of practicing

nurses.
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Using the results from this study, further nursing research could be conducted to
explore the relationships between nurse’s skills of assessment of GI tract function and
critical decision making skills in reference to initiating, advancing, maintaining,
suspending, or terminating EN. If UBP is proved to be a reliable objective tool and an
indicator of EN tolerance, then UBPM can be used by nurses at all levels of Benner’s
classification to help with the clinical decisions regarding administration of EN. Itis
predicted that such a tool will be useful for nurses at all levels, but it would be of greater
importance to the novice and less-than-expert nurse since it would empower them with
knowledge and a skill that can be readily acquired and is not dependent upon years of

experience (Figure 4).
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Concepts of Pressure

Hydrostatic Pressure Measurement

Urinary bladder pressure measurements like hemodynamic pressure
measurements are based on hydrostatic pressure principles. To obtain pressure
measurements, typically a fluid-filled catheter is placed into the chamber of interest (i.e.
right or left atrium, or urinary bladder). The hydrostatic fluid pressure within the
chamber is transmitted thru an opening in the catheter to a pressure transducer-amplifier-
monitor system located at the patient’s bedside. The transducer converts the pressure
signals into an electrical signal that is amplified and recorded by the monitor (Ahrens,
1999).

To accomplish accurate bedside monitoring several concepts must be understood
and incorporated into nursing procedures. First, physiologic pressures including CPP and
IAP are measured against atmospheric pressure. Thus, the contribution of atmospheric
pressure must be subtracted from the measured pressure. This is accomplished by
opening the transducer to air. This procedure is known as zeroing and in effect makes the
hydrostatic pressure at the opening of the catheter used for measuring equal to zero. In
other words, the position of the catheter’s measuring port in relation to the transducer will
determine the relative hydrostatic fluid pressure within the chamber. To accurately
measure the pressure in the cavity, hollow organ, or blood vessels it is important that the
catheter used for measuring be at the same level as the transducer, and this procedure is
referred to as positioning or leveling. Failure to level the transducer to the catheter’s
measuring orifice will result in erroneous measurements, either greater than or less than

the true value. Erroneously lower pressure results when the transducer is higher than the
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catheter opening, and erroneously higher pressure results when the transducer is lower
than the catheter opening.

The second essential concept with regards to leveling is patient position. For
optimal results, pressure measurements need to be taken when patients are in a
standardized position. Very often, it is not possible to know exactly where the measuring
orifice of the catheter is internally and an external landmark is used. For UBP
measurement the transducer is most commonly leveled at the symphysis pubis. This is
convenient because the symphysis pubis is an easily identifiable anatomic landmark and a
reference point for the lower aspect of the bladder. Recently others have suggested using
the mid-axillary line at the iliac crest as the zero reference point (Malbrain et al., 2007).

The accepted convention for CPPM is to level and zero the transducer at the
phlebostatic axis (Winsor & Burch, 1945), which is an external marker for the right
atrium (RA). When patients are in a flat supine (0° HOBE) position the phlebostatic axis
is the point marked by the intersection of two planes: one vertical and one horizontal.
The vertical plane is at the fourth intercostal space and the horizontal plane is the
midpoint between the bed inferiorly and the sternum superiorly (Winsor & Burch, 1945).
However, other markers have been proposed. Cuortois and colleagues (1995) recently
suggested that for intra-cardiac measurements the transducer should be leveled at the
uppermost blood level in the chamber for which the pressure is to be measured. This site
can be measured for each patient by echocardiography or can be estimated if a large
database is obtained.

It is important to emphasize that the reference point for leveling the transducer is

specific to the position of the chamber of interest. It is not appropriate to use the
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phlebostatic axis for hemodynamic measurements when patients are supine with the head
of bed (HOB) elevated (HOBE) or when the patient is in a lateral position, because the
position of the right atrium may change. The phlebostatic axis was designed to be used
for patients in the 0° HOBE position. Other reference points must be used when patients
are in other positions besides a 0° HOBE position. Reference points that have been used
for these purposes have been described by others. Paolella and colleagues (1988) used
computerized tomography (CT) to determine the position of the RA. Kee and colleagues
(1993) as well have used echocardiography to determine external anatomic references of

the RA.

Intra-Abdominal Pressure Physiology

Intra-abdominal pressure is defined as the steady state pressure within the
abdominal cavity, and has two major physiological roles. One is as a regulator of normal
respiration and the other is the stability of the spinal column (Overholt, 1931; Salkin,
1934). The anatomic boundaries of the abdominal cavity are the movable diaphragm and
the shifting costal arch superiorly, the rigid pelvis and the lumbar skeleton inferiorly and
posteriorly, respectively, and the muscles that surround the abdominal cavity. The
important muscles that provide shape and support to the abdominal cavity are the rectus
abdominis, anteriorly; the external and internal oblique abdominal muscles and the
transverses abdominis, laterally; and the muscles of the pelvic floor, inferiorly (Hall-
Craggs, 1995; Snell, 1995). Because the abdominal cavity contains rigid components
(i.e., spine and hip) it usually maintains its shape in various positions. Increases in IAP
with changes in position and weight lifting are greatly due to gravitational effects of the

organs and to contractions of the abdominal cavity muscles (De Troyer, 1983)
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The abdominal cavity contains solid organs (liver, pancreas, spleen) and hollow
organs such as the gastrointestinal (Gl) tract (stomach, small bowel and colon), uterus (in
women), blood vessels (e.g. portal vein, inferior vena cava) and the urinary bladder.
Normally, nothing else is contained within this space except for a small amount of
peritoneal fluid that moistens and lubricates the surfaces. Because of these attributes the
abdominal cavity is often considered to be a closed system containing a relatively non-
compressible material and therefore should follow Pascal’s law (Bradley & Bradley,
1947). Pascal’s law states that an increase in pressure exerted at any point of a confined
fluid will result in an equal increase in pressure at every other point within the container
(Daugherty & Franzini, 1977). If this principle holds true for the abdomen, catheters
placed at different points in the abdomen should register similar pressures reflective of
IAP and should be sensitive to changes in patient’s position.

Experimental support for these assumptions comes from the studies of Mead et al.
(1990) and confirmed by Tzelepis and colleagues (1996) in healthy human subjects.
These investigators measured IAP at different levels within the abdomen by placing
catheters at various sites in the Gl tract. Their results showed that changes in IAP
induced by changes in position or breathing were of the same magnitude if measured in
the upper or the lower part of the abdomen. The pressures in the lower part of the
abdomen were five to 10 percent lower than the pressure in the upper part of the abdomen
due to partial compression caused by air in the lower colon.

The physiological factors that normally determine IAP are the up and down
movement of the diaphragm, tension or relaxation of the abdominal and pelvic muscles,

the weight of the organs, and the degree of shearing decompression between the organs
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(Loring, Yoshino, Kimball, & Barnas, 1994). In healthy individuals lying supine, 1AP is
zero or slightly negative (sub-atmospheric) or positive and normally increases with
inspiration and decreases during expiration (Tzelepis et al., 1996). Activities of daily
living increase IAP. Sitting or standing increases IAP by 5-10 mmHg (Twardowski et
al., 1986). Walking and running increases IAP to 22-38 mmHg and jumping produces an
increase to approximately 89 mmHg (Grillner, Nilsson, & Thorstensson, 1978;
Twardowski et al., 1986). Intra-abdominal pressure also increases with abdominal
compression, cough, the valsalva maneuver, and by lifting heavy objects (Twardowski et
al., 1986). Obesity (Sanchez et al., 2001; Sugerman, Windsor, Bessos, & Wolfe, 1997)

and pregnancy result in higher IAP (Soderberg, 1971).

Clinical significance

Intra-abdominal pressure ranges from zero to 12.5 mmHg with a mean of 6.5 +
3.3 mmHg (Sanchez et al., 2001) in hospitalized patients in the supine position. Intra-
abdominal pressure increases when the volume (blood, air, water, etc) inside the
abdominal cavity increases. Intra-abdominal pressure > 12 mmHg is considered intra-
abdominal hypertension (IAH) (Malbrain et al., 2004) and is a well-recognized
complication of certain types of surgeries (e.g. after reduction of large diaphragmatic
hernias or closure of the abdomen under excessive tension) and trauma when intra-
abdominal bleeding from splenic, hepatic and mesenteric injuries are common (Eddy,
Key, & Morris, 1994; Malbrain et al., 2004; Morken & West, 2001). Intra-abdominal
hypertension may also occur with medical illnesses such as hypovolemic shock and

massive fluid resuscitation, peritoneal dialysis, ileus, ascites, and acute pancreatitis.
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Organ dysfunction in one or more systems in association with IAH is known as
abdominal compartment syndrome (ACS). Abdominal compartment syndrome clinically
presents as oliguria, decreased cardiac output, and rising peak airways pressures (Moore,
Hargest, Martin, & Delicata, 2004). The exact incidence of ACS is unknown since, 1)
IAP is not measured routinely in CCU (Mayberry et al., 1999; Ravishankar & Hunter,
2005) , 2) the methods of measuring IAP are not standardized, and 3) the heterogeneity of
patients. The reported incidence of ACS ranges from 0.1% to 33% of postoperative and
trauma patients (Eddy, Nunn, & Morris, 1997; Hong et al., 2002; Meldrum et al., 1997;
Sugrue et al., 1995). Currently, there is no agreement on the absolute value of IAP that
leads to ACS. Some patients may exhibits signs of organ dysfunctions with I1AP of 10-12
mmHg while others will not develop clinical signs of organ failure until 1AP rises to 15-
18 mmHg. However, IAP > 20 mmHg should be considered clinically significant in
every patient.

The treatment of ACS is abdominal decompression. Decompression can be
accomplished by laparotomy or by draining intra-abdominal collections utilizing invasive
radiologic guided procedures and techniques. Less commonly used methods of
decompression are placement of nasogastric tubes for suction (De Keulenaer et al., 2003)
and muscle relaxants (De Waele et al., 2003). Currently a consensus among researchers
and clinicians on the best time to intervene in ACS is lacking. Ivatury and Sugerman
(2000) have suggested intervention when IAP is > 25 mmHg as this may permit an
opportunity to reverse some of the damage caused by IAH. In contrast, others have
suggested waiting until clear signs of organ dysfunction are observed, such as increased

airway pressure (Eddy et al., 1997) or oliguria (Meldrum et al., 1997) before intervening.
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In trauma patients with ACS, early abdominal decompression is associated with
improvement in organ functions. Unfortunately, only a small percentage of those who
undergo decompression survive, and sadly even though 80% of patients who initially
were treated with decompression responded, most did not survive. Survival rate after
surgical decompression ranges from 17 to 75% (Sugrue et al., 2001). It appears that after
an initial and often dramatic response to decompression, many patients eventually
developed MOFS and died. These results suggest that once formed, ACS triggers a
systemic inflammatory response that progresses to MOFS regardless of interventions
(Oda et al., 2002).

Compared to trauma patients, less is known about the incidence, significance, and
treatment of ACS in other types of surgical and medical patients. However, it is likely
that general surgical and medical patients also suffer from potentially lethal
pathophysiological decompensation associated with ACS as witnessed in trauma patients.
Therefore, all critically ill patients could benefit from accurate and reliable monitoring of
IAP provided the data obtained is accurate, reliable, and reproducible, and trends of IAP
can be established.

The clinical data summarized underscores the need for routine monitoring of IAP
in critically ill patients, both surgical and medical. Monitoring IAP is necessary to
recognize IAH and to prevent and treat ACS in hope of reducing MOFS and death.
Therefore, it is necessary to develop research based standardized protocols for use in the
clinical setting to recognize early IAH and predict ACS. Several authors have called for

greater awareness of IAP, and for more training in the measurement of AP, and for the
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early recognition and treatment of ACS in CCU (Balogh & Moore, 2005b; Malbrain,

2002; Malbrain, 2004; Malbrain et al., 2004; Sugrue, 2002)

Techniques of Intra-Abdominal Pressure Measurement

Physical examination cannot be used as a reliable or accurate method to determine
IAP nor can it be used to predict the development of IAH and ACS. Kirpatrick and
associates (2000) assessed the utility of a clinical abdominal examination in detecting
IAP and IAH in patients admitted to a university affiliated trauma center. The specificity
and sensitivity of a clinical abdominal examination in detecting clinically significant IAP
(> 10 mmHg) was 40% and 94% respectively and of detecting very high IAP (> 15
mmHg) was 56% and 87%, respectively (Kirkpatrick et al., 2000). In a similar study,
Sugrue et al. (2002) found that the specificity and sensitivity of a clinical examination in
detecting IAH, defined as IAP > 18 mmHg, was 60.9% and 80.5% respectively. The
positive predicted value was 45.2%, and the negative predicted value was 88.6%. These
authors concluded that clinical examination is not an accurate method to assess 1AP, nor
is it an accurate tool to predict IAH, and further stated that IAP needs to be measured in
the clinical setting. Other investigators have reached the same conclusion (Platell, Hall,
Clarke, & Lawrence-Brown, 1990).

Direct or indirect measurement techniques can be used to measure IAP. The
abdomen is considered to be a relatively non-compressible cavity and primarily fluid in
character, therefore, IAP can be measured directly by percutaneously inserting a catheter
into any part of the abdomen or indirectly by inserting catheters into any cavity within the
abdomen such as the inferior vena cava (IVC), uterus, portal vein (PV), etc. Accurate

IAP measurements have been taken using IVC, uterine, gastric, rectal and bladder
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POSE
May share this signed consent form and
| Tecords that identify you to meet regulatory
" | requirements or for purposes refated to this
| research.

Third:Party
Allegheny General Hospital
Allegheny-Singer Research Institute -
WPAHS Compliance Office

Vendor of equipment used for the measurement
of urinary bladder pressure and may need to
verify the proper use of the device.

Wolfe-Tory Medical, Inc.

- The release of information described above will be the minimum necessary to
abide by the law complete the research, and, perhaps, publish the research,

Unlike your medical records, you will not have access to research records made
about you. Although every effort will be made to keep research records about you
private, complete confidentiality cannot be guaranteed. Such research records may be
subject to subpoena or court order. The researcher has set up safeguards to keep
private information about you confidential.

There is no expiration for this Authorization unless you revoke (cancel) it. You may
revoke this Authorization by writing to the Principal Investigator. If you revoke your
Authorization, you will also be removed from the study. Revoking your Authorization only

affects the use and sharing of your information after the written request is received. Any
information obtained prior to receiving the written request, may be used to maintain
integrity of the study.

Principal Investigator Address: Melanie Shuster, RN
Allegheny Center for Digestive Health
1307 Federal Sfreet, Suite 301

Pittsburgh, PA 15212

If you choose to not sign this Authorization, you will not be permitted to pariicipate in this
research study. In order to participate in this study, you must agree fo share your
information with the groups above. Upon completion of the study, or if you withdraw
from the study at any time, the research records about you will be kept by the researcher
(s) and ali of the information provided above will continue fo apply to your research
records.

You give permission that your research records can be used and disclosed as
described. fooom

Voluntary Participation/Right to Withdraw: Participation is voluntary, and refusal to
participate will involve no penalty or loss of benefits to which you are otherwise entitled.
You are free fo refuse to participate in this study. If you agree to participate, you are
also free to withdraw from the study at any time. Your decision fo refuse to

participate or to withdraw from the study will not adversely affect your care at this
hospital.

Inquires: If you should you have any questions regarding your rights as a research
participant, you may contact the Institutional Review Board of Allegheny General
Hospital at 412.359.3156. Any questions about the re_search have been answered or will

Duguesne University
Institutional Review Board
Approval Date:  2/2/07
Expiration Date: 2/2/08
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When the study is complete, provide the IRB with a summary, approximately one page. Often the
completed study’s Abstract suffices. You should keep a copy of your research records, other than those
you have agreed to destroy for confidentiality, over a period of five years after the study’s completion.

If you have any questions, feel free to contact me at any time.
Sincerely yours,

Paul Richer, Ph.D.

C: Dr. Kathleen Sekula
Dr. Joan Kiel
Dr. Linda Goodfellow
Dr. Joan Masters
IRB Records
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