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ABSTRACT
Title of Dissertation: Anesthesia related pain management strategies and 24 hour
postoperative outcomes in traumatic tibia fracture patients
Elena Virts, Doctor of Philosophy, 2015
Dissertation Directed by: Carla Storr, ScD, MPH, Professor, UMB
Background:
Pain management Pain management research is uncommon in trauma patients with tibia
fracture who undergo surgery within 24 hours of admission. Acute intoxication is a risk
factor for orthopedic trauma; however, whether pain management outcome differs
between sober and intoxicated patients at admission is unknown.
Purpose:
Three commonly used anesthesia-related pain management (ARPM) strategies (Benzo,
administration of preoperative benzodiazepines within 90 minutes of anesthesia start;
Opioid, intraoperative administration opioids by the end of surgery; and Combo, a
combination of both strategies) were examined for postoperative outcomes (pain
intensity, time to achieve postanesthesia care unit [PACU] discharge criteria, total
postoperative opioid consumption, and frequency of postoperative nausea and vomiting
[PONV]). The outcomes associated with these ARPM strategies were evaluated
according to whether a patient was sober or intoxicated at admission.
Methods:
A chart review of 206 adult trauma patients admitted for tibia fractures in 2007 though
2009 provided information on personal characteristics and physical status, perioperative
pain intensity, administration of analgesics and pharmacological adjuvants, frequencies
of PONV, time required to achieve PACU discharge criteria, surgical and injury

attributes, and alcohol intoxication on admission. A mixed effects model and linear and
logistic regressions were used to examine the relationships between the ARPM strategies
and outcomes.
Results:
Most patients (84%) received an ARPM strategy (Benzo, 30%; Opioid, 21%; Combo,
33%). A majority (83.5%) reported severe pain; one third experienced PONV.
Postoperative opioid consumption (range, 3.75 to 336.88 mg of morphine) and time
required to achieve PACU discharge criteria (range, 10 to 358 minutes) varied widely.
All ARPM strategies were associated with higher pain ratings compared with control
patients, without altering the time required to achieve PACU discharge criteria. All
ARPM strategies decreased total opioid consumption up to 50%, but this effect was
limited to the first four postoperative hours. Combo strategy reduced the occurrence of
PONV, but higher pain ratings were reported. Intoxicated patients received the most
benefit from Benzo strategy, whereas Opioid strategy was detrimental to them.
Conclusion:
Benzodiazepines are recommended for orthopedic trauma patients who are intoxicated on
admission, whereas a combination strategy is more appropriate for patients prone to PONV.
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CHAPTER 1
INTRODUCTION
1.1 Background
Musculoskeletal injuries account for about half of hospital admissions, exceeding 33
million cases annually in the United States (Mamaril, Childs, & Sortman, 2007).
Physical trauma is defined as unanticipated, serious, or critical body injury (McCabe,
2006). Orthopedic injury is defined as an injury affecting the musculoskeletal system,
and includes injuries to bones, joints, ligaments, tendons, muscles, and nerves (Clay,
Watson, Newstead, & McClure, 2012). The tibia is the most commonly fractured long
bone and is associated with approximately half a million surgical cases annually in the
United States (Miller & Askew, 2007; Poduval, 2010). While isolated fibula fractures
are rare, concurrent tibia and fibula fractures are common (Miller & Askew, 2007), and
studies report their results for both fractures as a single category (Keegan, Kelsey, King,
Quesenberry, & Sidney, 2004).
Lower extremity orthopedic surgeries are among the most painful procedures,
especially for the first 48 postoperative hours (Ip, Abrishami, Peng, Wong, &
Chung,
2009; Mei et al., 2009; Montane, Vallano, Vidal, Aguilera, & Laporte, 2010). Moderate
to severe postoperative pain is linked to clinically important outcomes, such as longer
postanesthesia care unit (PACU) times, increased opioid consumption, and frequency
of side effects (Bird, Choudhry, Molina, & Kovacs, 2009; Mei et al., 2009; Swearingen
et al., 2010; Wang, Liu, Mayo, & Joshi, 2014). However, research on pain management
and related outcomes is uncommon in trauma patients with tibia fracture in part
1

because there is a common misconception that these injuries are of little real
consequence (Clay,
Newstead, Watson, Ozanne-Smith, Guy, & McClure, 2010). This study addressed this
issue by exploring the impact of common anesthesia-related perioperative pain
management strategies on postoperative pain intensity and other pain managementrelated outcomes (total opioid consumption, time to achieve PACU discharge criteria,
and the occurrence of postoperative nausea and vomiting) in the first 24 postoperative
hours in adult orthopedic traumatic tibia fracture patients with or without concurrent
fibula fracture.
In a climate of escalating health care costs, considerable efforts have been made to
reduce costs including those associated with anesthesia care. For orthopedic and trauma
surgical services operating room cost mostly depends on the surgical procedure duration
(Schuster, Gottschalk, Berger, & Standl, 2005). Anesthesia-related perioperative cost
can be greatly reduced by decreasing patient stay in the PACU. The duration of PACU
stay is a common outcome in anesthesia research in recent years for elective surgeries
(Schuster & Standl, 2006). However, the actual length of PACU stay depends on many
other factors unrelated to anesthesia (Lalani, Ali, & Kanji, 2013) and is therefore not an
ideal outcome to evaluate. On the other hand, the time required to achieve PACU
discharge criteria reflects mainly anesthesia-related factors, including pain
management. Major efforts to reduce anesthesia-related perioperative costs and improve
the postoperative outcome focus on decreasing total opioid consumption, time to
achieve PACU discharge criteria, postoperative pain, and the frequency of pain
management–related side effects, such as postoperative nausea and vomiting (PONV).
2

In fact, the American Society of Anesthesiologists Task Force on Postanesthetic Care
(Apfelbaum et al., 2013) recommends periodic assessment of postoperative pain
intensity and PONV. For example, it has been noted the additional cost associated with
PONV is 100 times higher than its prophylaxis, and each episode of vomiting delays
discharge from the PACU by approximately 20 minutes (Gan et al., 2003). Little is
known about how anesthesia-related perioperative pain management affects these
important postoperative outcomes in the context of major orthopedic surgery related to
tibia fractures.
Approximately half of all trauma patients (including those with orthopedic trauma)
are found to have alcohol-related impairment on admission (Plurad et al., 2010).
Because of possible drug interactions it is important to assess the history of alcohol use in
patients undergoing anesthesia. Also, research suggests patients’ history of alcohol use is
important in the treatment and healing of fractures (Askew et al., 2011). In addition,
alcohol is also an important confounder contributing to a high rate of moderate to severe
postoperative pain (Carroll, Angst, & Clark, 2004; Clinger et al., 2008; Grinstein-Cohen,
Sarid, Attar, Pilpel, & Elhayany, 2009; Ponsford, Hill, Karamitsios, & Bahar-Fush,
2008). Based on tests conducted in a laboratory setting, the effect of alcohol on pain and
perioperative pain management may vary depending on the pattern of alcohol
consumption and use of other substances, coexisting health conditions, unique personal
characteristics, and medications used for preexisting pain treatment. However, few
researchers have explored whether perioperative pain management of orthopedic trauma
patients and outcomes are influenced by acute alcohol intoxication on admission.
Frequently, health care providers are afraid of administering higher opioid doses to a
3

patient with a history of excessive alcohol use or intoxication on admission because of
the assumption that an interaction between opioids and alcohol leads to potentially lethal
respiratory depression and potential addiction (Askay, Bombardier, & Patterson, 2009;
Cordts, Grant, Brandt, & Mears, 2011).
1.2 Significance
The Agency for Health Care Policy and Research (AHCPR, 1992) published one
of the first clinical practice guidelines for recognition and prompt treatment of acute
pain. It acknowledged that while complete elimination of postoperative pain may not be
possible, aggressive pain management improves outcomes. Oxycontin® (Purdue
Pharma, L.P., Stamford, CT) was approved in 1995 by the US Food and Drug
Administration (FDA) for moderate-to-severe chronic pain. The following year, the
American Pain Society (Russell Portenoy, President, whose appearances were
frequently funded by Purdue Pharma) encouraged more aggressive treatment of pain
and suggested pain intensity be considered the fifth vital sign. Since 2000 the Joint
Commission on Accreditation of Health Care Organizations (JCAHO) requires pain
assessment and reassessment after pain management interventions as the vital nursing
activity for institutional accreditation. Most professional organizations involved in pain
management have developed supporting statements or guidelines (including the
American Society of Anesthesiologists Task Force on Acute Pain Management, 2004
and 2012). These activities resulted in a drastic increase in clinical research information
in which many investigators had relationships with the pharmacological companies
(Perret & Rosen, 2011).

4

Despite extensive research on perioperative pain management,
pharmacological advances, publication of clinical guidelines on pain management by
the Agency for Health Care Research and Quality (AHRQ) in 1992 and the American
Pain Society, implementation of Acute Pain Services (APS), and declaration of 2000–
2010 as the Decade of Pain Research by the US Congress, there has been little
improvement in the intensity of postoperative pain for patients undergoing major
surgeries in over 20 years (Wermer Mjobo, Nielsen, & Rudin, 2010). Trauma patients
and patients with a history of alcohol and other substance use are commonly excluded
from clinical research. Their exclusion has hindered the development of effective
pain management for these populations, placing them at higher risk for uncontrolled
pain.
This study is significant for several reasons. First, this study explored the
application of the University of California, San Francisco Symptom Management
Model (UCSF-SMM) for perioperative pain management. Second, it examined the
effect of three practical approaches to perioperative pain management on postoperative
pain intensity and other pain management–related outcomes within the first 24
postoperative hours in trauma patients who had major lower extremity orthopedic
surgery for tibia fracture (including patients with or without concurrent fibula fracture).
Third, the findings described the current practice of perioperative pain management
and provided support for an institutional pain management performance improvement
plan. Fourth, it evaluated the impact of alcohol intoxication on the pain experience,
management, and outcomes. Fifth, the results of this research should help provide a
data-driven approach to perioperative pain management in patients with tibia fractures.
5

Finally, this study was an important first step in evaluating whether alcohol
intoxication impacts perioperative analgesia.
1.3 Specific Aims and Hypotheses
This study had the following aims:
Aim 1: To examine the effects of three anesthesia-related pain management (ARPM)
strategies: Benzo, administration of preoperative benzodiazepines within 90 minutes of
anesthesia start; Opioid, intraoperative administration of opioids by the end of surgery;
and Combo, a combination of both strategies (preoperative benzodiazepines within 90
minutes of anesthesia start and intraoperative administration of opioids by the end of
surgery) on selected postoperative outcomes within the first 24 postoperative hours
(postoperative pain intensity, total opioid consumption, time to achieve PACU
discharge criteria, and occurrence of PONV) in a cohort of adult orthopedic traumatic
tibia fracture patients with or without concurrent fibula fracture who had lower
extremity orthopedic surgery within the first 24 hours after admission.
Hypothesis 1. Each of the three ARPM strategies, relative to cases when these
strategies are not used (Reference group), is significantly associated with
hourly average ratings of postoperative pain intensity, average total opioid
consumption, time required to achieve PACU discharge criteria, and the
occurrence of PONV in the first 24 postoperative hours.
Aim 2: To assess the relationship of ARPM strategies with postoperative outcomes
in the context of personal, environmental, and health- and illness-related nursing
domain variables.
Hypothesis 2.1. The relationships of each of the three ARPM strategies with
6

postoperative outcomes remain after taking into account personal variables.
Hypothesis 2.2. The relationships of each of the three ARPM strategies with
postoperative outcomes remain after taking into account environmental
variables.
Hypothesis 2.3. The relationships of each of the three ARPM strategies with
postoperative outcomes remain after taking into account health and illness
variables.
Aim 3: To explore whether alcohol intoxication influences the relationship of ARPM
strategies with postoperative outcomes. Alcohol intoxication is objectively defined by
results of the toxicology screen on admission.
Hypothesis 3.1. Patients intoxicated at admission will report statistically
different hourly average ratings of postoperative pain intensity, average total
opioid consumption time to achieve PACU discharge criteria and occurrence
of PONV in the first 24 postoperative hours as compared with patients who
are not intoxicated.
Hypothesis 3.2. Among patients administered each of three ARPM strategies,
those who are acutely intoxicated at admission report statistically different
hourly average ratings of postoperative pain intensity, average total opioid
consumption, time to achieve PACU discharge criteria and PONV in the first 24
postoperative hours as compared with patients who are not.
1.4 Assumptions
A number of assumptions guided this study. Although preoperative anxiety is
7

common in trauma patients (Berben et al., 2008; Wong, Chan, & Chair, 2010), health
care providers inadequately recognize the symptoms (Victorson et al., 2008), so it may
be undertreated. Therefore, for the purposes of this study all patients were assumed to
experience preoperative anxiety. If benzodiazepines were administered 90 minutes before
and/or on induction of anesthesia, they were considered to be given to treat preoperative
anxiety. Because many patients were admitted under the influence of alcohol, withdrawal
symptoms were unlikely to be present, and thus benzodiazepine use before surgery was
attributed to anxiety and, possibly, PONV management instead of withdrawal prevention
and treatment. Patients comprising the study sample had sufficient ability to understand
questions about and to report their pain levels to health care providers. These same patients
provided accurate information about their pain experience, and their health care providers
appropriately treated and accurately documented all related information in their charts.
Because the first 24 postoperative hours are reported to be the most challenging in pain
management, the investigator limited the timeframe of this study to the first 24 hours after
surgery and assumed that this was sufficient time for patients’ pain and side effects to be
stabilized.
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CHAPTER 2
LITERATURE REVIEW
This chapter is to provide a review of several pain management theories and
the literature about perioperative pain and its management and presents the rationale
for this research. The advantages and disadvantages of pain management theories are
briefly described, followed by a presentation of the selected conceptual framework
adaptation to perioperative pain experience, pain management strategies, pain
management–related outcomes, contextual variables, and relationships between the
concepts. The selected conceptual framework guides the order of the literature review.
2.1 Theories and Models Related to Pain and Pain Management
Most clinical perioperative pain management studies do not identify a
theoretical framework. Selection of a conceptual framework or theory is a key aspect
of nursing research on pain management. It guides identification of appropriate
variables and research design, as well as helps to explain results and place the findings
within the clinical context. A conceptual framework might help to explain which pain
management strategies are effective and what variables facilitate or inhibit the
effectiveness of pain- relieving strategies. The University of California, San Francisco,
Symptom Management Model was selected to guide this research.
2.1.1. The Gate Control Theory
In 1965 Melzack and Wall combined several sensory pain theories and
proposed the Gate Control Theory (GCT) to explain the pain experience (Appendix,
Figure 1). They hypothesized that impulses from the peripheral site of tissue injury are
transmitted to the central nervous system and are modulated by a spinal gating
9

mechanism. Because the pain perception could be increased or decreased, depending
on the state of the gate, pain management strategies focus on ascending signals from
the peripheral nerves (competing sensory information) and descending nerve impulses
from the brain (interfering with the ascending pain signal from the damaged tissues)
(Campbell, Clauw, & Keefe, 2003). Based on this theory, an effective analgesic
regimen should start with a prophylactic treatment of pain before proceeding with the
surgical incision and it should continue through the duration of the surgery and into the
postdischarge period (Fanelli, Berti, & Baciarello, 2008; Tiippana et al., 2007). In this
research, this approach is called perioperative pain management because it covers the
preoperative, intraoperative, and postoperative phases even though clinicians and
researchers frequently use other terms such as preventive or postoperative analgesia.
There is also a consensus about multimodal analgesia that targets the pain pathway in
both the peripheral and central nervous system in postoperative pain management. The
GCT defines pain as a multidimensional individual experience with sensoryphysiological, motivational-affective, and cognitive-evaluative domains (Melzack &
Wall, 1965). In the context of this research, sensory-physiological factors may be
exemplified by injury severity, overall health status, psychoactive substance use, and
analgesics administration. Motivational-affective variables such as preoperative anxiety
and depression may heighten the pain experience. Cognitive-evaluative variables that
affect individual perception of pain may include patient-controlled analgesia (PCA)
pumps that help to restore a sense of control. Perioperative pain from traumatic tibia
fracture arises from the broken bone itself, from injury to the muscles, and from the
10

associated release of local inflammatory factors. However, the theory does not explain
peripheral changes that may cause changes in the brain and spinal cord, such as
hyperalgesia related to inflammation (Kissin, Freitas, & Bradley, 2006). Recent
research has also suggested that inhibition of pain signals is more complex and
involves multiple mechanisms (Price, Cervero, Gold, Hammond, & Prescott, 2009). In
addition, GCT does not provide guidance on dealing with potential side effects.
2.1.2. Middle range theory of “Pain: A Balance between Analgesia and
Side Effects”
The Agency for Health Care Policy and Research (1992) published the Acute
Pain Management: Operative or Medical Procedures and Trauma which was designed
to provide guidance for acute pain management in adults. Based on this publication,
Good and Moore (1993) proposed a prescriptive middle range theory, entitled “Pain: A
Balance between Analgesia and Side Effects” (PBBAS). Acute pain is conceptualized
as a multidimensional experience related to surgery or trauma (Polifroni, 1999) and
addressed from the four metaparadigm concepts of environment, person, health, and
nursing. From the environment perspective, perioperative pain is a process that
functions to minimize further injury and is also an acute response to a surgical
intervention that can respond to analgesia (Khan et al., 2011). According to Maslow’s
hierarchy of needs, there is a dynamic interaction between a person’s need for pain
control, which is internal, and the satisfaction for those needs, which is often
environmentally determined (Chitty, 2007). On the other hand, potent pain
medications have undesirable side effects (Appendix, Figure 2). Pain management
consists of any analgesic regimen that allows control of postoperative pain and reduces
11

side effects, such as multimodal analgesia (combining two or more analgesics with
different mechanism of action to provide additive pain relief). A balance between
analgesia and side effects is one of the nursing goals. From the individual’s
perspective, the patient participation proposition suggests that patient teaching and
goal setting for pain relief contributes to a balance between analgesia and side effects.
The PBBAS theory emphasizes interconnectivity between processes and
underlying concepts. For example, the total amount of opioid consumption is associated
with increased frequency of side effects, such as postoperative nausea and vomiting).
Postoperative nausea and vomiting is a frequent combination of symptoms observed
after surgery. Gan (2006) defined postoperative nausea as “the subjective sensation of
urge to vomit” and postoperative vomiting as “the forcible expulsion through mouth of
the gastric content.” Administration of a pharmacological adjuvant, such as nonsteroidal
anti- inflammatory drugs (NSAIDs), also affects the amount of opioids needed to control
pain and the frequency of side effects (outcome). The most effective application of the
PBBAS is for treatment of moderate to severe acute pain, and it is frequently used as the
basis for postoperative pain management protocols in postsurgical units (Peterson &
Bredow, 2008).
The PBBAS conceptual model may have several conflicts. First, clinicians and
patients are likely to differ on how they weight side effects, potential risks, and benefits
(Chou, 2008). It is unclear how to solve situations such as pain that is out of proportion
to nursing expectations, which might lead to undertreatment of the patient’s pain.
Second, the theory does not provide guidance on how to select pain-relieving modalities
12

mainly because the selection of potent pain medication and pharmacological adjuvant is
usually the domain of advanced nursing and medical staff. Even when clinical practice
guidelines, such as those published by the Agency for Health Care Policy and Research
on which the middle range theory is based, appear valid, findings and recommendations
may not be applicable to all patients. This is, in part, related to the fact that most clinical
practice guidelines are based on studies designed to evaluate efficacy (whether an
intervention works under ideal conditions) instead of assessing effectiveness (whether an
intervention works in real-world settings). However, just because an intervention works
in carefully selected patients under controlled circumstances does not mean it will work
in clinical practice (Chou, 2008). Third, patient teaching is a key element of the theory
but has not reduced pain ratings or side effects of potent analgesics in randomized
controlled trials (RCTs) (McDonald, Page, Beringer, Wasiak, & Sprowson, 2014). In
addition, mutual goal setting was not based on research, but on the Agency for Health
Care Policy and Research panel’s consensus of expert opinions. Fourth, there are
multiple influencing factors (psychological and physiological) that affect analgesic
requirements and are not addressed by the theory. Finally, PBBAS is not applicable for
the intraoperative phase under general anesthesia because patients cannot report their
pain level.
2.1.3. The Theory of Unpleasant Symptoms (TOUS)
In 1995 a group of nurse researchers developed a descriptive middle range
theory entitled the Theory of Unpleasant Symptoms (TOUS), which was revised in
1997 (Lenz, Pugh, Milligan, Gift, & Suppe, 1997; Lenz, Suppe, Gift, Pugh, & Milligan,
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1995) (Appendix, Figure 3). They hypothesized that interdependence exists between
influencing factors (physiological, psychological, and situational), symptom(s)
experience, and performance outcomes. The theory suggests that symptoms cluster
together and reinforce each other and, as a result, adversely influence the concept
health outcomes, namely performance. The TOUS does not explain specific symptoms
in any particular clinical population, but emphasizes the commonalities in their
dimensions. The current research suggests that the symptom dimensions identified in
TOUS are both relevant and measurable (Dodd, Miaskowski, & Paul, 2001; Ibrahim,
2008). In the theory context, perioperative pain can be conceptualized as the unpleasant
symptom in the context of trauma and surgery. Pain is affected by physiological (e.g.,
the severity of trauma, age, gender, and preexisting health status), psychological (e.g.,
anxiety and depression), and situational (e.g., type and duration of surgery,
perioperative analgesics, and acute pain service involvement) factors. The hypothetical
proposition that influential factors affect symptoms has been confirmed in clinical
studies designed to evaluate the risk factors that are associated with pain after surgery.
It is evident that numerous factors largely determine the interaction among injury, pain,
and reported pain intensity (Wang, Sands, Vaurio, Mullen, & Leung, 2007; Wu et al.,
2003). Postoperative pain management that includes strategies to address symptom
clusters (such as anxiety and ratings of the postoperative pain intensity) may be more
successful than those designed simply to optimize the dose of analgesics. The
postoperative outcomes can be operationalized as hourly average postoperative pain
intensity, average total postoperative opioid consumption, time required to achieve
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PACU discharge criteria, and occurrence of PONV.
However, this theory is not suitable for the purposes of this research for several
reasons. First, the authors defined symptoms as the “perceived indicators of change in
normal functioning as experienced by patients … they are the red flags of threats to
health” (Lenz et al., 1997). According to this perception-based definition, the nature of
symptoms can be truly known and described only by the individual experiencing them.
As that is subjective, the theory is not applicable to the intraoperative phase of pain
management when patients are under general anesthesia and unable to describe their pain
intensity. Second, postoperative pain and anxiety (symptom cluster) is not always able to
be distinguished from preoperative anxiety (psychological influencing factor). And there
is no literature clearly identifying a pain, anxiety, and PONV cluster, even when their
coincidence is recognized and clinically treated. Most of the studies discuss PONV as a
side effect of general anesthesia or opioids. There are a few studies that consider pain
and PONV as interrelated symptoms, but their effect on each other is not measured or
explored as the primary outcome. Finally, the theory provides no guidance on how to
adjust pain management in the context of influencing or confounding factors.
2.1.4. University of California, San Francisco Symptom Management Model
In 2001 the faculty at the University of California, San Francisco, revised the
original Symptom Management Model, UCSF-SMM (Larson et al., 1994) as a generic
tool to guide care across a variety of symptoms caused by a wide assortment of
illnesses (Dodd et al., 2001). The UCSF-SMM represents three interrelated concept–
dimensions (symptom experience, symptom management strategies, and outcomes) in
15

the context of three core nursing concept–domains (health and illness, person, and
environment), which are also further referred to as contextual variables.
The symptom experience is a result of interaction between perception,
evaluation, and response. Similar to the previously discussed theories, UCSF-SMM
uses self-reporting as the basis for symptom assessment. However, if self-reporting is
unavailable (for example, under general anesthesia during the intraoperative phase), a
proxy (such as an anesthesia provider) can accurately interpret the symptom (Figure
2.1).
Figure 2.1: The University of California, San Francisco Symptom Management Model

Note: From “Advancing the science of symptom management,” by Dodd, M., Janson, S., Facione, N., Faucett,
J., Froelicher, E.S., Humphreus, J., Lee, K., Miaskowsski, C., Puntillo, K., Rankin, S., and Taylor, D., 2001,
Journal of Advanced Nursing, 33(5), p.670. Copyright 2001 by Blackwell Publishing Ltd

The symptom can be managed by the person who experiences the
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symptom as well as by another person. Symptom management strategies can even be
initiated when the patient is considered to be at risk for developing a distressing
symptom. For example, anesthesia providers routinely administer intraoperative
opioids to all patients who undergo major orthopedic surgeries because of the high
risk for experiencing severe postoperative pain. The UCSF-SMM also provides a
structure for the selection of symptom management strategies through questions such
as who delivers the intervention, and how and when is it delivered (Liehr, 2005).
Adherence to the intervention determines whether or not the intended recipient
receives and uses the intervention, which affects the outcomes. Therefore, the model
directs attention to the diverse array of symptom management strategies, and in
doing so it targets potential impediments as well as effective strategies. Symptom
management can be modified based on symptom experience, outcomes, and
contextual variables. For example, a multitude of variables explain substantial
individual differences in the pain experience even if patients undergo the same
surgery. The model is designed to determine selection of pain-relieving strategies
based on individual differences and contextual variables.
Contextual variables may vary depending on the symptom and the population
of interest. The health and illness domain may include any number of variables related
to the individual’s current health status and risk factors, such as comorbidities, and
injuries that can directly or indirectly influence pain experience, management and
outcomes. The personal domain consists of demographic, physiological,
psychological, sociological, and developmental variables that are intrinsic to the
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individual and determine the perception, interpretation, and response to symptoms.
The environmental domain refers to the physical, social, and cultural context in which
postoperative pain occurs.
2.1.5. Model guiding this research
The University of California, San Francisco Symptom Management Model was
selected to guide this research because it facilitates the incorporation of strengths of
previously described theories and models and overcomes their weaknesses. First, it
includes contextual variables during all three phases of perioperative pain management,
including the intraoperative phase when self-reporting is not available. Second, this
model can guide the evaluation of commonly used perioperative pain management
strategies on the selected postoperative outcomes in orthopedic trauma patients who
sustained traumatic tibia fracture with and without concurrent fibula fracture, including
assessing whether the effect may differ based on a history of alcohol use. Third, the
model provides a practical approach to selecting meaningful pain-related outcomes and
assists in identification of contextual variables that could predict postoperative pain
intensity in this population. Fourth, the UCSF-SMM is a robust model as the number of
contextual variables can be expanded or reduced based on the setting and population of
interest. Finally, although the UCSF-SMM has been previously used for studies focused
on the symptom experience dimension in relation to self-care and associated with
chronic disease or chronic pain (Swore, Dodd, Schumacher, & Miaskowski, 2008), it
can be expanded to acute pain management.
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2.2 Perioperative Pain Experience
For the purpose of this research, the symptom experience is operationalized as the
patient’s acute perioperative pain experience. The International Association for the Study
of Pain (Ready & Edwards, 1992) defines acute pain as “pain of recent onset and
probable limited duration. It usually has an identifiable temporal and casual relationship
to injury or disease”. This definition describes acute pain in general and is not specific to
perioperative pain. Perioperative pain is a predictable part of any surgical experience and
is responsive to potent analgesics, such as opioids. The American Society of
Anesthesiologists Task Force (2004) defined acute pain, in the context of the
perioperative setting, as the pain that presents in a surgical patient as a result of “a
preexisting disease, the surgical procedure, or a combination of disease-related and
procedure-related sources” (p. 1573). In the context of this study, this definition of acute
pain has been limited to acute pain due to traumatic tibia fracture with or without
concurrent fibula fracture and the resulting surgical procedure. The UCSF-SMM suggests
three dimension of symptom experience: perception, evaluation, and response.
2.2.1. Symptom experience: perception
Perception is usually defined as the individual’s awareness of a change in usual
feeling or behavior. Perception of pain is simultaneously modulated in the brain by
physiological and psychological factors; therefore, patients handle pain in highly
individualized ways (Woolf & Salter, 2000). Physiological factors can be exemplified
by overall health status (such as the American Society of Anesthesiologists [ASA]
physical status classification system) or by individual pre-existing physiological and
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psychological risk factors (such as anxiety, depression, pre-existing chronic pain and
psychoactive substance use). Pain perception can be pharmacologically decreased by
potent pain medications (opioids) and adjuvants. These factors may act synergistically,
thus dramatically increasing postoperative pain intensity and causing considerable
challenges to managing pain. Also, preoperative pain is known to affect the
postoperative pain perception and is closely associated with trauma and anxiety
(Berben et al., 2008). Intraoperative awareness of pain that occurs under general
anesthesia is suppressed by inhalation agents (Stomberg, Sjostrom, & Haljamae, 2003).
The assessment of pain perception is excluded from the model for the purposes
of this study because it is not included in daily anesthesia practice. However, the
perioperative pain-relieving strategies, ASA status and pre-existing physiological and
psychological risk factors that influence pain perception were included in the model.
Also, it was hypothesized that the relationships of each of the three anesthesia-related
pain management strategies with ratings of the postoperative pain intensity were
modified by contextual variables.
2.2.2. Symptom experience: evaluation
The evaluation of pain occurs when a patient characterizes it by location,
intensity, temporal nature, frequency, and associated pattern (Dodd et al., 2001). To
isolate pain location, patients with any concurrent serious injuries above the knee were
excluded. Temporal nature is determined by a tibia fracture–related surgery within the
first 24 hours from admission. Therefore, in this study the location of pain and temporal
nature (initial trauma and surgical cause) are controlled for by the eligibility requirements.
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Subsequently, the intensity of the pain experience at a specific time point becomes the
most clinically important factor of the study in this part of the model. An inability to
communicate pain intensity represents a serious impediment to pain assessment, placing
the individual at high risk for nondetection and undertreatment of pain. To reduce
systematic error in the pain intensity variable, patients who were unable to self-report
(such as having a documented cognitive disability) were excluded from this study.
2.2.3. Symptom experience: response
Response to pain has psychological, physiological, socio-cultural, and
behavioral components (Dodd et al., 2001). Postoperatively, most patients in pain
display significant psychological distress, which is frequently interrelated with pain
(Tait, Chibnall, & Kalauokalani, 2009). Many researchers suggest a list of behavioral
and physiological indicators for pain assessment in unresponsive and/or
uncommunicative adults in critical care settings (Gelinas et al., 2006; Payen et al.,
2001; Roulin & Ramelet, 2012). For example, blood pressure and heart rate elevation
are part of differential diagnosis during perioperative pain management, especially
during the intraoperative phase. Sociocultural influences affect the way people react
verbally and nonverbally to pain (Callister, Khalaf, Semenic, Kartchner, &
Vehvilainen-Julkunen, 2003). Facial expressions and motor behavior are the most
frequently studied pain behaviors and correlate with patients’ self-reporting; therefore,
they may be used for pain assessment when self-reporting is not available. However,
when observing these behaviors, health care providers consistently underestimate pain
intensity (Gonzalez-Fernandez, Aboumatar, Conti,Patel, Purvin, & Hanna, 2014; Tait,
Chibnall, & Kalauokalani, 2009). This is partially explained by the fact that some
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patients appear comfortable even when they experience pain under the effects of
residual anesthesia on their arrival to the PACU. In addition, most of the proposed
pain behaviors could have many potential underlying sources, including anxiety and
physiological abnormalities, such as respiratory compromise. Accurate assessment of
postoperative pain is required to guide pain management interventions, to evaluate the
effectiveness of these interventions, and to communicate care planning between
providers (Herr, Bjoro, & Decker, 2006). Therefore, patients who are not extubated for
more than two hours postoperatively and who are reintubated postoperatively or those
who are admitted to the intensive care unit (ICU) are excluded from the sample.
2.2.4. Alcohol and perioperative pain experience
In laboratory settings, acute alcohol intoxication decreased pain intensity in
chronic alcohol users but not in non–problem drinkers (Askay, Bombardier, &
Patterson, 2009). However, chronic users are more sensitive to noxious stimuli
(Askay, Bombardier, & Patterson, 2009; Peng, Tumber, & Gourlay, 2005). Chronic
alcohol users rarely maintain a steady level of alcohol; rather, they experience periods
of intoxication alternating with periods of withdrawal (Savage, Kirsh, & Passik,
2008). Periods of intoxication may reduce pain intensity, whereas withdrawal may
increase pain intensity and interfere with postoperative pain management (Akay,
Bombardier, & Patterson, 2009; Savage, Kirsh, & Passik, 2008). Therefore, it is
hypothesized that patients who are intoxicated at admission report different hourly
average pain intensity during the first 24 postoperative hours.
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2.2.5. Gaps to be addressed
Perioperative pain is a complex phenomenon, but only pain intensity is the
clinically relevant focus of this research. From the literature review, multiple variables
are known to affect the pain experience. Among those identified by the literature
review, only variables routinely collected in clinical practice are included in this study.
Alcohol affects pain experience, but its precise effect on postoperative pain intensity is
unknown. This study investigates whether patients with a history of alcohol use report
different pain intensity ratings than those without a history of alcohol use during the
first 24 postoperative hours.
2.3 Components of Symptom Management Strategies
The UCSF-SMM suggests that distressing symptom–alleviating strategies can
be taken in anticipation of the symptom or as the symptom occurs. Then, it provides a
systematic approach to the selection of symptom management strategies through
answering the previously described sequence of questions for the purposes of this study.
Symptom pain management strategies are perioperative management strategies. The
term perioperative pain management is routinely used in practice and throughout the
literature in multiple disciplines, such as nursing, medicine, pharmacology, biology, and
psychology. The ASA Task Force on Acute Pain Management (2012) defined
perioperative pain management as interventions before, during, and after surgery that
are geared toward reduction or elimination of postoperative pain.
According to the UCSF-SMM and the ASA definition, perioperative pain
management is a continuous process that starts during the preoperative phase and
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continues through the intraoperative phase into the postoperative phase. Pain intensity
assessment is the triggering point for pain management intervention, and pain intensity
reassessment is one of the pain management outcomes, which corresponds to symptom
status in the UCSF-SMM. Health care providers may choose any number of strategies to
alleviate the pain and prevent side effects. The model advocates for interdisciplinary
patient-centered care in which the role of the disciplines may change depending on the
perioperative phase and their scope of practice within pain management. For example,
trauma resuscitation unit physicians and nurses initiate pain management preoperatively.
Anesthesia providers often control not only the choice of strategies used for pain relief
but also what, when, where, and how much these interventions are used during the
intraoperative phase. Intraoperative pain management falls under two major categories,
regional and general anesthesia. Because orthopedic surgeons have a strong influence on
choice of intraoperative anesthetics, general anesthesia coupled with opioids is more
prevalent in lower extremity trauma surgery (Oldman et al., 2004). Also, depending on
the duration of surgery, regional anesthesia offers little or no cost advantage over general
anesthesia, especially with procedures lasting for 200 minutes or more (Schuster,
Gottschalk, Berger, & Standl, 2005). Because outcomes may vary for these approaches,
patients receiving regional anesthesia were excluded from the study and only general
anesthesia is discussed further. APS personnel and the surgical team may also be heavily
involved during the immediate postoperative phase in the PACU and later when the
patient is transferred to a surgical floor. Acute pain experienced after major orthopedic
surgery for traumatic tibia fractures can influence the recovery and outcomes attained by
24

patients.
2.3.1. Opioids
Health care practitioners from different disciplines can use the model approach
to guide their selection of pain management strategies based on a patient’s self-reported
pain or on anticipation of severe pain caused by surgery and traumatic injury.
Physiologically, opioids are the most commonly used pain-relieving strategy for
severe pain because they increase the threshold of painful stimuli (Kissin, 2000).
Understandably, 98.6% of all inpatients undergoing orthopedic and soft tissue
surgeries receive perioperative opioids, making it the mainstay of pain management in
the hospital setting (Kessler, Shah, Gruschkus, & Raju, 2013). Selection of a particular
opioid and its dosage depends on several factors, including pain intensity, settings
(Strassels, McNicol, & Suleman, 2005), and patient-specific variables (Drewes et al.,
2013). For example, opioid analgesics are most frequently implicated with adverse
drug effects; therefore, monitored settings (such as the operating room and PACU in
comparison to unmonitored surgical floors) provide more flexibility in opioid
administration. Up to 29% of opioid-related adverse drug effects are preventable
(Kessler, Shah, Gruschkus, & Raju, 2013). The Joint Commission’s Sentinel Event
database (2004–2011) cites that 29% of deaths were attributed to decreased
monitoring, and the occurrence may be higher than reported by hospitals, especially
with higher doses of opioids (The Joint Commission, August 8, 2012). On the other
hand, fear of opioid-related adverse drug effects results in suboptimal doses, and up to
60% of patients suffer from preventable severe pain postoperatively (Kessler, Shah,
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Gruschkus, & Raju, 2013).
Trauma patients undergoing major orthopedic surgeries are at high risk for
moderate to severe pain. Health care providers with different background (paramedics,
nurses, physicians, and others) provide pain management during transportation of these
patients from the scene of injury to the hospital and from admission to the hospital until
surgery. Significant deficiencies in the acute preoperative pain management during
transport were explained by short duration of transport, avoidance of detrimental side
effects of opioids, and lack of immediate availability of anesthesia providers to handle
potential complications (Dijkstra, Berber, van Dongen, & Schoonhoven, 2014). The
effects of preoperative administration of opioids on postoperative pain intensity remain
unclear because they are also used as a component of intraoperative general anesthesia
(Bromley, 2006; Strassels, McNicol, & Suleman, 2005). Therefore, the effectiveness of
preoperative opioids was not evaluated in the study but is included as a covariate.
Intraoperative self-reporting for adequate pain assessment under general
anesthesia is not possible, and intraoperative opioids are used for hemodynamic
stability, to decrease the use of inhalation agents, and for pain management under
general anesthesia (Borsook, George, Kussman, & Becerra, 2010). The timing of
morphine administration does not affect total opioid consumption or pain intensity score
for the first 24 postoperative hours (Zang, Amini, & Hamidi, 2012). However, lower
doses of opioids are considered for patients who are older and in poor health (White,
Kehlet, Neal, Schricker, Carr, & Carli, 2007). Jain and colleagues (2012) report up to
sixfold variability in the dosing schedule among anesthesia providers. Faster and shorter26

acting opioids, such as fentanyl, are usually used during the intraoperative phase because
of their minimal effect on blood pressure. Morphine or hydromorphone are commonly
given by the end of surgery because they are longer acting. Administration of longeracting opioids at the end of surgery is a common practice among anesthesia providers
because individualized opioid titration to clinical response is closely monitored, airways
are secured, and pain management during the immediate postoperative phase is
improved in theory. However, no optimum dose has been determined. It is believed that
intraoperative opioids make no difference in the occurrence of PONV (Gan et al., 2014).
The study evaluated the effects of administration of longer-acting opioids at the end of
major orthopedic surgery performed for traumatic tibia fracture with or without
concurrent fibula fracture on selected pain management–related postoperative outcomes.
Postoperatively, opioids provide superior analgesia and, therefore, remain the
most important drug category for treating severe postoperative pain (Askay, Bombardier,
& Patterson, 2009). Higher postoperative pain ratings are associated with higher total
postoperative opioid consumption (Odom-Forren et al., 2014). Total postoperative
opioid consumption is a commonly reported outcome and is one of the secondary
outcomes in this study. Individualized opioid titration to clinical response continues
during the immediate postoperative phase in the PACU and is usually effective and
associated with few side effects (Chang, Bijur, Davitt, & Gallagher, 2009; Hartrick,
2004; Janssen et al., 2008; Parvizi et al., 2006). Morphine, hydromorphone, and fentanyl
are the most commonly used opioids for opioid titration (Pasero, 2010). Oral oxycodone
has a similar analgesic profile to intravenous PCA (Hwang, Kwon, Kim, Lee, Kim, &
27

Kim, 2014; Rothwell et al., 2011).
Methadone, a synthetic long-acting opioid and N-methyl-d-aspartate (NMDA)
receptor antagonist, is frequently reserved for use in patients with difficulty
controlling their pain. Even a single dose of methadone significantly reduces
postoperative pain as well as postoperative opioid consumption up to 48 hours
(Vadivelu, Mitra, Kaye, & Urman, 2014). Methadone is frequently prescribed for
chronic pain and opioid-tolerant patients. However, a large variability in individual
response, increased potency in patients previously exposed to moderate and high
doses of another opioid, and multiple drug interactions exist with methadone
(Weschules & Bain, 2008). Also, patients can be switched to methadone when other
opioids do not provide adequate analgesia and bothersome side effects prevent
further opioid dose escalation.
Oral controlled-released opioids (such as Oxycontin® and MS Contin®), with a
duration of action up to 12 hours, offer more-uniform analgesia and reduce the burden
on the nursing staff. Trauma patients require higher doses of oral controlled-released
opioids in comparison to other surgical patients without an increase in occurrence of
PONV (Pogattzki-Zahn, Englbrext, Popping, Boche, & Zahn, 2013). In addition,
postoperative oral controlled-released opioids may decrease the need for APS
consultations and PCA utilization. Controlled-released oxycodone (Oxycontin®) has
almost double the potency of controlled-released morphine (MS Contin®) and a lower
frequency of side effects (Blumenthal, Min, Marquardt, & Borgeat, 2007).
Anesthesia providers and APS sometimes prescribe a combination of two
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opioids (dual-opioid therapy) that work at different receptors and are likely to offer a
synergistic analgesic effect. There are no FDA-approved opioid–opioid combination
products on the market. Also, dual-opioid therapy is rarely studied because of the
common concern about potential side effects (Webster, 2012). One study has shown a
significantly improved analgesia and decreased occurrence of PONV with
coadministration of morphine and oxycodone in comparison to an equianalgesic dose
of either opioid given alone (Richards, Gimbel, Minkowitz, Kelen, & Stern, 2013).
Also, combinations of opioids and other analgesics (such as acetaminophen) have been
used in postoperative pain management for years.
Analgesic gaps, defined as periods during which the patient does not have
access to analgesia, are frequently cited as a contributing factor to ineffective pain
management (Panchal, Damaraju, Nelsen, Hewitt, & Schein, 2007). Analgesic gaps
occur more frequently with multistep shorter-acting opioid administration (such as
orders for an as-needed basis) in comparison to PCA pumps or during transition from
one analgesic modality to another (Panchal et al., 2007).
2.3.2. Benzodiazepines
Pain and anxiety are major components of perioperative acute stress (Borsook,
George, Kussman, & Becerra, 2010; Day, Rich, Thorn, Berbaum, & Mangieri, 2014).
Preoperative anxiety is correlated with postoperative anxiety, increased postoperative
pain, and total opioid consumption (Agroff, 2013; Anwari, 2008; Bardiau et al., 2003;
Borsook et al., 2010). Postoperative pain produces anxiety, which in turn predicts more
pain (Day et al., 2014). Considering that anxiety and pain share pathways (Boggio,
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Zaghi, & Fregni, 2009; Sinatra, Torres, & Bustos, 2002; Yannick et al., 2014), the
adjuvant pain management strategy of premedication with anxiolytics theoretically
might impact the psychological aspect of pain by decreasing pain intensity and
improving other pain management–related outcomes (Fanelli, Berti, & Baciarello,
2008; Strassels, McNicol, Suleman, James, & White, 2005).
Midazolam, a short-acting benzodiazepine, has a rapid onset of action after
intravenous administration and a short elimination half-life. It is widely used in trauma
and perioperative settings for anxiety reduction and its significant anterograde amnesia.
Preoperative benzodiazepines may (Hasani, Maloku, Sallahu, Gashi, & Ozgen, 2011;
Weber, Jain, & Parise, 2007) or may not (Auffret et al., 2014; Jung et al., 2007; Yannick et
al., 2014) make a difference in postoperative pain reduction or opioid consumption.
Although the effect of premedication with benzodiazepines on postoperative pain intensity
is controversial in elective surgery patients, it could be beneficial in trauma patients.
Trauma patients have a higher frequency of psychoactive substance use, including
excessive use, than the general surgical population. Anxiety is a common withdrawal
symptom for several common psychoactive substances (such as alcohol, tobacco, and
benzodiazepines), which may also precipitate heightened pain perception in patients who
concealed their substance use and waited for surgery for an extended period.
A single dose of midazolam on induction of general anesthesia decreases the
occurrence of PONV without increasing postoperative sedation (Jung et al., 2007;
Shirdashtzadeh, Eshraghi, & Eshraghi, 2011). Midazolam administered at the end of
surgery is at least equally as effective in prevention of PONV as commonly used
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antiemetics are (Gan et al., 2014). Additional postoperative doses of midazolam
decrease the occurrence of PONV with an acceptable increase in mild sedation
without improvement in pain ratings (Huh, Jung, White, & Jeon, 2010; Kim et al.,
2012). Trauma and surgery are distressing events with maximum anxiety at
induction of anesthesia. Therefore, it is hypothesized that the administration of
benzodiazepines within 90 minutes of anesthesia start time significantly impacts
hourly average ratings of postoperative pain intensity, total postoperative opioid
consumption, time required to achieve PACU discharge criteria, and occurrence of
PONV in the first 24 postoperative hours.
2.3.3. Alcohol and anesthesia related strategies
Selection of a particular opioid and its dosage depends on several factors,
including pain intensity, settings, and providers’ preferences (Strassels, McNicol, &
Suleman, 2005) and patient-specific variables. Preoperative tibia fracture pain is
routinely treated with opioids, which provide superior analgesia. Acute intoxication may
provide analgesia comparable to opioids in laboratory settings (Perrino et al., 2008).
However, the dosage of opioids needed to obtain adequate analgesia in patients with a
history of alcohol use is unknown in the clinical setting (Askay, Bombardier, &
Patterson, 2009).
Althoug perioperative pain management in trauma patients with a history of
alcohol use is a clinical challenge as a result of common multiple comorbidities and
cross-tolerance with opioids, there are no meta-analyses or RCTs available; thus,
guidelines are based on weak evidence and experts’ opinions (Rathmell et al., 2006).
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For example, the combination of alcohol and opioids is less than additive, and the
precise effect of alcohol on the dosage of opioids is unknown (Askay, Bombardier, &
Patterson, 2009). Chronic excessive alcohol users may experience pain exacerbation
attributable to initiation of withdrawal syndrome (Savage, Kirsh, & Passik, 2008),
which is a physiological response to abrupt cessation of or even reduction in a
substance dose (Tetrault & O’Connor, 2008). Alcohol withdrawal syndrome can be life
threatening; therefore, its prevention is an additional major consideration in chronic
alcohol users. As previously described, identifying patients at risk can be problematic,
and the American College of Surgeons recommends routine toxicology screening to
provide a baseline of currently used substances and to direct collaborative intervention.
Although toxicology screen results have very little impact on patient care (Bast et al.,
2000), preoperative benzodiazepines may prevent withdrawal syndrome, which is
associated with pain exacerbation. Therefore, this research evaluates the impact of
preoperative benzodiazepines and longer-acting opioids administered at the end of
surgery on pain management–related outcomes in patients with and without history of
alcohol use.
2.3.4. Other strategies
2.3.4.1. Inhalation agents, induction agents and muscle relaxants
Although inhalation agents at high concentrations eliminate recall of
intraoperative pain, they make no difference in the intensity of postoperative pain
(Fassoulaki, Melemeni, Paraskeva, Siafaka, & Sarantopoulos, 2008). In contrast,
inhalation agents at low concentrations, such as on emergence from general
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analgesia, increase sensitivity to nociceptive and inflammatory pain (Cheng, Yeh, &
Flood, 2008; Mamie et al., 2004; Matta et al., 2008). Therefore, opioids are
frequently administered at the end of surgery to reduce pain intensity. Nitrous oxide
(N2O), a commonly used anesthetic inhalation agent, provides significant
intraoperative analgesia but no apparent reduction in acute pain ratings or total opioid
consumption within the first 24 postoperative hours (Chan, Wan, Gin, Leslie, &
Myles, 2011).
Inhalation agents (especially nitrous oxide in the gas mixture for anesthesia),
opioids (intraoperative morphine in excess of 10 mg), and duration of anesthesia are
major contributing factors to PONV during the immediate postoperative phase
(Apfel et al., 2012; Gan et al., 2014; Kim, Shin, Oh, Lee, Chung, & Choi, 2013).
Therefore, all inhalation agents and duration of anesthesia are considered as
additional variables for the purposes of this research. Intraoperative use of propofol
may reduce nitrous oxide’s emetogenic effect (Fernadez-Guisasola, Gomez-Arnau,
Carbrera, & del Valle, 2010).
Induction of general anesthesia is usually achieved with sedative hypnotics,
such as thiopental and propofol. Thiopental is cost-effective: it is relatively cheap,
comes in prefilled syringes (decreased risk of infection), and can be stored up to 24
hours once opened (reduces anesthesia preparation time for emergency cases).
Thiopental is a γ-aminobutyric acid (GABA) agonists similar to alcohol. Therefore,
thiopental effects are similar to alcohol intoxication in healthy volunteers up to 110
minutes after administration (Dickerson et al., 2010). The authors suggest that
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thiopental may play a role in prevention of alcohol withdrawal similar to
benzodiazepines, which are also GABA agonists. Propofol has been expensive during
the study period; it also supports bacterial growth and must be used within six hours,
but it has antiemetic properties. Propofol demonstrated analgesic properties in animal
models, but analgesic effects in humans are unconfirmed (Kaye, Chung, Vadivelu,
Cantemir, Urman, & Manchikanti, 2014). Etomidate is expensive but provides
cardiovascular stability; therefore, it is reserved for patients with known cardiac
history. Inhalation induction may complicate intubation in some patients and is usually
used for patients with already secured airways (intubated in the Trauma Resuscitation
Unit [TRU]).
Patients frequently receive intraoperative muscle relaxants to facilitate safe
intubation and immobility during the surgical procedure. Monitoring of neuromuscular
transmission is a standard of intraoperative anesthesia care. Administration of muscle
relaxant reversal agents, such as neostigmine, depends on the spontaneous recovery of
neuromuscular function at the end of surgery. Some patients receive muscle relaxants
and no reversal agents at the end of surgery. Research shows 44% to 71% of these
patients may experience residual paralysis in the PACU (Srivastava & Hunter, 2009).
Residual paralysis may result in delayed extubations and reintubations in the PACU,
thus prolonging the time required to achieve PACU discharge criteria. On the other
hand, administration of neostigmine is frequently cited as a risk factor for PONV
(which in turn is associated with an increased time to achieve PACU discharge criteria),
although evidence is insufficient (Gan et al., 2014). Therefore, neostigmine is
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considered as a cofounding variable.
The APS reserves postoperative muscle relaxants, such as baclofen, for
postoperative pain that is difficult to control. Baclofen potentiates analgesic properties
of opioids and, therefore, reduces total postoperative opioid consumption (Gordon,
Gear, Heller, Paul, Miaskowski, & Levine, 1995). In addition, baclofen is associated
with decreased craving and anxiety in patients with a history of excessive alcohol use
(Brennan, Leung, Gagliardi, Rivelli, & Muzyk, 2013). Therefore, postoperative
baclofen is considered as one of the pharmacological adjuvants based on clinical
relevance.
2.3.4.2. Postoperative NSAIDs, acetaminophen, antidepressants, and
anticonvulsants
Multimodal pharmacological strategies are advocated in pain management to
reduce total opioid consumption and associated side effects (including PONV). General
recommendations on the selection of pharmacological adjuvants are presented in Figure
4 in the Appendix. Health care providers tend to underutilize pharmacological adjuvants
(Baratta, Schwenk, & Viscusi, 2014) because of limited understanding of these
combinations and sparse meta-analyses of potential synergistic effects (Dahl et al.,
2014). RCTs illustrated the effectiveness of NSAIDs and anticonvulsants in
postoperative pain relief and total opioid consumption as a part of multimodal
perioperative analgesia (Dahl et al., 2014; Fisher et al., 2008; Ong et al., 2005;
Ozgencil, Yalcil, Tuna, Yorukoglu, & Kecik, 2011). A regimen of multidose NSAIDs
demonstrated greater pain reduction and opioid-sparing effects in comparison with a
single dose (Dahl et al., 2014). A combination of an NSAID and an opioid in a single
35

tablet is more effective than the same opioid alone without an increase in occurrence of
side effects (Derry, Derry, & Moore, 2013). However, approximately half of the trials
specific to trauma and orthopedic surgery evaluated a single dose, which has a limited
utility in establishing evidence-based practice (Montane et al., 2006). Also, NSAIDs are
associated with increased risk of bleeding, renal complications, and delayed bone
healing (Vuolteenaho, Moilanen, & Moilanen, 2008).
The FDA approved intravenous acetaminophen in November 2010; therefore,
during the study period (2007–2009) acetaminophen was used orally postoperatively.
Acetaminophen is safe and effective for postoperative pain control in musculoskeletal
surgeries (Candiotti et al., 2010; Colin, McCartney, & Nelligan, 2014; Lachiewicz,
2013), but its prophylactic effect on pain is unclear (Dahl et al., 2014).
Acetaminophen reduces total opioid consumption over 24 hours by up to 20% but
may not reduce the occurrence of PONV (Dahl et al., 2014). A combination of
acetaminophen and an opioid in a single tablet is more effective than the same opioid
alone but is associated with an increase in occurrence of side effects (Gaskel, Derry,
Moore, & McQuay, 2009).
The literature on effectiveness of antidepressants on postoperative pain is
almost nonexistent, although they are frequently used by APS. Antidepressants are
more frequently used for prevention and treatment of neuropathic pain (including
hyperalgesia and allodynia), for which they are more effective than anticonvulsants
(Baron, 2009). Also, they are part of postoperative detoxification. Detoxification is
defined as a safe discontinuation from a substance of dependence or misuse (Diaper,
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Law, & Melichar, 2013).
Anticonvulsants are not routinely used for postoperative pain management in
orthopedic surgery (Young & Buvanendran, 2014). Pregabalin and gabapentin are
anticonvulsants with antihyperalgesic and anxiolytic properties that can be used as
alternatives to benzodiazepines for anxiety, but their effect on pain intensity reduction
at 24 hours postoperatively and frequency of side effects is questionable (Dahl et al.,
2014; Gonano, Latzke, Sabeti-Aschraf, Kettner, Chiari, & Gustorff, 2011; Mishriky,
Waldron, and Habib, 2014; Ozgencil et al., 2011). Also, side effects such as dizziness
and sedation limit their use in orthopedic patients (Young & Buvanendran, 2014). This
contradicts the Consensus Guidelines for the Management of Postoperative Nausea
and Vomiting (Gan et al., 2014), which claim that preoperative gabapentin is as
effective as dexamethasone (antiemetic) in reducing PONV.
2.3.5. Symptom management strategies
Orthopedic trauma are at high risk for severe postoperative pain because of
multiple variables, which can be anticipated, prevented, or diminished through pain
management strategies. Anesthesia providers tailor their pain management strategies to
unique personal variables, environmental determinants, and current health and illness
status, including pattern of alcohol use. For example, strategies for excessive alcohol
users may incorporate prevention of alcohol withdrawal postoperatively in addition to
adequate pain management (Miller, 2009; Richeb & Beaulieu, 2009). Given the
variability in managing perioperative pain, there is a need to determine the anesthesiarelated perioperative pain management strategy or strategies that provide maximum
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postoperative pain relief with minimal side effects within the perioperative period, up
to the first 24 postoperative hours, in trauma patients with a tibia fracture with or
without concurrent fibula fracture. The three strategies that have been examined in this
study are as follows: 1) preoperative administration of benzodiazepines, 2)
intraoperative intravenous administration of hydromorphone or morphine on
emergence from general anesthesia at the end of surgery, and 3) a combination of both
strategies. The focus is on discerning which strategy provides maximal pain relief with
minimal side effects. In addition, the study explores whether a history of alcohol use
makes a difference in pain intensity and total opioid consumption within the first 24
postoperative hours in trauma patients with tibia fracture with or without concurrent
fibula fracture.
2.4 Selected Postoperative Outcomes
Lately, health care in perioperative settings has shifted from a provider-centric
system (characterized by significant variability between clinicians) to surgery-specific
pathways (exemplified by multidisciplinary standardized care plans that incorporate
evidence-based strategies during all three perioperative phases). Postoperative
outcomes are a complex multidimensional concept that has no clear definition and
varies among stakeholders (Feldman, Lee, & Fiore, 2014). Comparison of outcomes
associated with different approaches to similar surgical procedures is at the core of
both scientific research and quality improvement in anesthesia care (Dutton & DuKatz,
2013). The UCSF-SMM includes an array of potential outcomes: mortality, quality of
life, emotional and functional status, cost, and morbidity and comorbidity, all of which
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indicate the symptom status. Perioperative mortality is low (0.49%) in orthopedic
surgeries (Taylor & Gropper, 2006) and was not considered as an outcome for this
study. Quality of life and functional status are usually considered as long-term
outcomes and are beyond the time frame of this research. History of alcohol use and
smoking are risk factors for postoperative pulmonary complications, such as airways
obstruction and bronchospasm (Sabate, Mazo, & Canet, 2014), and may affect the time
required to achieve PACU discharge criteria. Better postoperative pain management is
expected to decrease morbidity and side effects (Apfel, Turan, Souza, Pergolizzi, &
Hornuss, 2013; Baratta, Schwenk, & Viscusi, 2014).
Severe postoperative pain is anticipated in major lower extremity orthopedic
trauma patients and is generally treated with opioids. Pain overtreatment with opioids
may be life threatening, and dangerous levels of opioid-induced oversedation within
the first 12 postoperative hours has been observed in 72.7% of surgical patients who
used PCA pumps and was identified as a contributing factor in 3.6% of deaths in
trauma patients (Argoff, 2014). Kessler and colleges (2013) identified age older than
65, male gender, and higher comorbidity scores as risk factors for adverse events.
Clinically significant respiratory depression is usually treated with titration with
naloxone. However, naloxone is given to less than 3% of postoperative patients, and
its administration cannot be used as an indicator of quality or safety of postoperative
pain management because respiratory depression may occur for a variety of reasons
(Jarzyna et al., 2011). These include obstructive sleep apnea and chronic obstructive
pulmonary disease (Gordon & Pellino, 2005). In addition, research shows that
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frequency of postoperative respiratory depression may be difficult to assess due to
inaccurate measurements (Jarzyna et al., 2011). Continuous pulse oximetry or
capnography are not available on surgical floors because they are not practical and are
prone to artifacts with patient activity. Therefore, oversedation and respiratory
depression are not included as covariates. Based on the literature review, the
following clinically significant outcomes have been measured in the study:
postoperative pain intensity (at multiple time points), total opioid consumption for the
first 24 postoperative hours, time required to achieve PACU discharge criteria, and
occurrence of PONV.
2.4.1. Postoperative pain intensity
A rating of the postoperative pain intensity was a patient response to pain
management strategies and was selected as a primary outcome. Pain intensity is the
most common indicator of postoperative pain management efficacy and is reported in
98.9% of trials specific to traumatic and orthopedic surgery (Montane, Vallano,
Aguilera, Vidal, & Laporte, 2006; Montane, Vallano, Vidal, Aguilera, & Laporte,
2010). Postoperative pain intensity has been used as an important quality indicator of
pain management for more than 20 years. Unfortunately, more than 35% of patients
experience severe pain within the first 24 postoperative hours after major surgeries (Wu
& Raja, 2011). Deficiencies in pain assessment and reassessment are common
(Grinstein-Cohen, Sarid, Attar, Pilpel, & Elhay, 2009). In addition, patients interpret the
measurement scales very differently when reporting pain, and baseline scores can vary
widely within a population (Farrar, Pritchett, Robinson, Prakash, & Chappell, 2009).
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Despite this, average pain intensity is frequently cited in clinical trials to examine
efficacy of different pain management modalities or to identify more painful
procedures, such as major orthopedic surgery.
Valid and reliable assessment of perceived pain is necessary in the clinical
setting not only for diagnosis and choice of treatment but also for the evaluation of
treatment efficacy in a research context (McGuire, 1992). According to the Agency for
Health Care Policy and Research (1994), the single most reliable rating of pain intensity
is patient self-reporting. The use of the same measurement tool during the entire course
of treatment, like the numeric rating scale (NRS), a well-established unidimensional
pain measurement tool, facilitates the continuity of the assessment of perioperative pain
intensity and the appropriate dosing adjustments for adequate analgesia (Jackman &
Watson, 2010). Simplicity and familiarity are of paramount importance for any
instrument to achieve consistent and effective results.
The verbally administered NRS is the most frequently used tool in clinical
practice (Dolin, Cashman, & Bland, 2002), including R Adams Cowley Shock Trauma
Center (STC). This scale is consistent with requirements for patient-reported outcomes
(PRO) measuring tools as outlined by the FDA (2009) in the sense that 1) it is easy for
patients to understand and use, 2) it has been shown to be reliable, valid, and sensitive
to treatment effect, 3) it can be considered as a continuous variable and is amenable to
sophisticated statistical analysis, and 4) it requires minimal time commitment and
imposes little burden on respondents (Chang et al, 2006; Cork et al., 2004; Gallasch &
Alexandre, 2007; Gordon et al., 2002). Also, the NRS has robust psychometric
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properties in research applications (Jessen & Karoly, 2001). It is important to note that
the NRS is used to represent an overall pain experience, including contextual factors
(Ahlers et al., 2008) and is sensitive to pharmacological interventions that alter the
experience of pain in orthopedic patients (Briggs & Closs, 1999). The verbally
administered NRS closely correlates with the 100-mm Visual Analog Scale (Bahreini,
Jalili, & Moradi-Lakeh, 2014). Therefore, pain intensity measured with the NRS was
treated as a continuous variable with a range from 0 to 10, where 0 corresponded to no
pain and 10 to the most severe pain.
2.4.2. Total postoperative opioid consumption
The postoperative phase starts in the PACU, where pain management is
initially affected by intraoperative opioids and may be affected by residual inhalation
agents. Because of large interindividual variability in pain perception and opioid
response, opioids are frequently prescribed in dosing ranges to allow for titration to
clinical response (A Consensus Statement of the American Society for Pain
Management Nursing and the American Pain Society, 2004). Greater total opioid
consumption is associated with higher ratings of pain intensity (Bot, Bekkers,
Arnstein, Smith, & Ring, 2014). Paradoxically, pain intensity may not correlate with
total opioid consumption (Khan et al., 2011; Pasero, 2010). The desired outcome of
perioperative pain management is maximum pain relief with minimal side effects. A
reduction in opioid dosing is not necessarily the best way to address concerns about
opioid side effects. Therefore, total opioid consumption within the first 24
postoperative hours is frequently cited as a separate pain management–related
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outcome (Ong, Lirk, Seymour, & Jenkins, 2005) and is a secondary outcome in this
study.
2.4.3. Time to achieve PACU discharge criteria
Expedited recovery from anesthesia has become increasingly important in
clinical practice in an effort to reduce anesthesia-related perioperative costs. Early
recovery is usually limited to PACU stay to standardize terminology and measurements
of outcomes (Feldman, Lee, & Fiore, 2014). For example, length of stay in the PACU is
used as a proxy for anesthesia-related perioperative costs, with the actual cost of the
PACU being double the intraoperative anesthesia charges for orthopedic surgeries
(Strassels, Chen, & Carr, 2002). Prolonged stay in the PACU in excess of two hours is
common (Lalani, Fauziya, & Kanji, 2013), and administrative issues alone account for
15% to 77% of the delays in discharge from the PACU (Brown et al., 2008; Cowie &
Corcoran, 2012; Lalani, Fauziya, & Kanji, 2013). The difference between time required
to achieve PACU discharge criteria and the actual discharge from the PACU in excess
of 15 minutes is defined as discharge delay (Brown et al., 2008). Some studies only
report the time required to achieve PACU discharge criteria (Choi, Saberito, Tyagaraj,
& Tyagara, 2014), whereas others also measure time from admission to physical
discharge from the recovery room or hospital to differentiate between anesthesia-related
outcomes and unrelated (administrative issues) recovery room economics (Cowie &
Corcoran, 2012). Both times were measured in this study to differentiate between
anesthesia-related and unrelated outcomes.
A lack of standardized ARPM strategies causes uncertainty and a wide
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variability in anesthesia practices that may contribute to a prolonged time to achieve
PACU discharge criteria. Streamlining the recovery process with administration of
longer-acting opioids at the end of surgery and intraoperative antiemetics for high-risk
patients is likely to reduce the overall recovery cost by decreasing the time to meet
PACU discharge criteria, at least for PONV and pain. Patients with higher pain scores
require a longer time to achieve PACU discharge criteria and more frequently
experience PONV (Weber, Jain, & Parise, 2007). In addition, both chronic and acute
alcohol consumption are associated with a longer length of stay after orthopedic trauma
(Jung et al., 2011). It is reasonable to hypothesize that patients intoxicated on admission
might require a longer time to achieve PACU discharge.
2.4.4. Occurrence of postoperative nausea and vomiting
The complex etiology of PONV hampers any preventive actions taken to
effectively intervene. Approximately half of surgical patients experience nausea, which
significantly subsides after the first 24 postoperative hours (Gan et al., 2014; Jain,
Kumar, & Tyagi, 2012). Vomiting is less common but is experienced by approximately
30% of patients (Gan et al., 2014), and it is a more distressing symptom for many
patients than postoperative pain (Gan, 2006). PONV is more frequently reported as a
single category than as two separate categories, nausea and vomiting. The single
category approach to PONV for the first 24 postoperative hours is selected for the
purposes of this study. The most commonly reported clinically relevant time interval is
the first 24 postoperative hours (Dolin & Cashman, 2005).
Several factors influence the incidence of PONV. These factors include
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increased total opioid consumption, intravenous PCA, general anesthesia, duration of
anesthesia (time from anesthesia start to anesthesia end or intraoperative phase in this
research), female gender, younger age, and nonsmoking status (Mamba, 2014). The
incidence of PONV ranges from 10% in the presence of a single factor to 80% when
four or more factors are present (Apfel et al., 2012; Gan, 2006; Gan et al., 2014).
PONV may be independent from postoperative pain (Dolin & Cashman, 2005) or
associated with pain (Odom-Forren et al., 2014).
Antiemetics can be administered preoperatively and intraoperatively (prophylaxis)
or postoperatively (rescue dose). Occurrence of PONV can be decreased with
prophylactic antiemetic therapy, which is considered to be a potential confounder. A
combination of intraoperative antiemetic with midazolam within 30 minutes of
anesthesia start time has been found to decrease the incidence of PONV in high-risk
populations without increasing the postoperative sedation (Park et al., 2013). PONV is
associated with significant additional costs, and each episode of vomiting delays
discharge from the PACU by approximately 20 minutes. However, universal prophylaxis
is not cost-effective (Gan, 2006). In addition, current scoring systems for prophylactic
antiemetic administration show poor to moderate accuracy (Habib & Gan, 2010).
2.4.5. Alcohol and postoperative outcomes
Researchers consistently report that pain in patients with a history of substance
use (including alcohol use) is undertreated for a variety of reasons (Askay, Bombardier,
& Patterson, 2009; Carroll, Angst, & Clark, 2004). Excessive use of alcohol may lead to
various degrees of tolerance to all opioids, and therefore analgesic effects are less than
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expected or desired (Askay, Bombardier, & Patterson, 2009). Also, excessive alcohol
users are more likely to experience alcohol withdrawal symptoms that may worsen their
postoperative pain experience (Savage, Kirsh, & Passik, 2008). This study explored
whether alcohol intoxication at admission made a difference in the time required to
achieve PACU discharge criteria, pain intensity, and total opioid consumption within the
first 24 postoperative hours in trauma patients with tibia fracture with or without
concurrent fibula fracture.
2.5 Contextual Variables
An analysis of 15 randomized, double-blind, placebo-controlled trials of the
efficacy of opioids found that only 30% of pain relief was attributed to the opioid
dose (Drewes et al., 2013). Multiple contextual variables have been implicated as
influences on postoperative pain experience and confound the efficacy of opioid
administration (Drewes et al., 2013; Fanelli, Berti, & Baciarello, 2008). Examples
include environmental (e.g., settings and PCA use), personal (e.g., age and gender),
and preexisting health- and illness-related variables (e.g., chronic pain and
psychoactive substance use). Thus, this research takes into account selected
contextual variables that are likely to affect the effectiveness of commonly used
perioperative pain management strategies in patients who are undergoing major lower
extremity orthopedic surgeries for traumatic tibia fractures with or without concurrent
fibula fracture throughout the entire period, up to and including 24 hours
postoperatively. Identification and selection of contextual variables as well as their
effect on the pain experience and pain management was based on a review of the
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literature and routine clinical practice.
2.5.1. Health & illness variables
According to the UCSF-SMM model, health and illness incorporates
preexisting disease and injury, health status, and other health behaviors such as
substance use. Comorbidity is defined as disease or medical condition unrelated in
etiology or causality to the principal diagnosis that coexists with the disease of interest
(Bjorgul, Novicoff, & Saleh, 2010). There is ample evidence that comorbidity is a
major factor in determining postoperative outcomes, such as complications and
consumption of health care resources. Research has also shown that patients can
accurately and reliably report their medical conditions (Bjorgul, Novicoff, & Saleh,
2010).
2.5.1.1. Health status
Global preexisting health and illness status is usually described by the ASA
physical status classification system in perioperative settings. The ASA physical status
is clearly defined, easily evaluated, practical, and superior to other more complex
systems (Klasen et al., 2004). As result, it is used worldwide in clinical practice
(including for grading the comorbidity of trauma patients), in textbooks, in clinical
research, and for economic evaluation of anesthesia services (Bjorgyl, Novicoff, &
Saleh, 2010; Ringdal et al., 2013). Anesthesia providers reliably assign an ASA
physical status score to orthopedic trauma patients (Ihejirika et al., 2014). The ASA
classification for a particular patient is based on systemic disease, and the extent of this
disease is evident from the amount of limitation that the disease causes to his or her
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everyday life. However, the ASA classification does not provide specific defining
examples of health and illness for each class and assumes that age of the patient does
not affect his or her physical status. Actually, the prevalence of comorbidities increases
with advancing age, ranging from 60% to 88% of the population aged 65 years or older,
and it is common for patients in this age group to have at least one comorbidity
(Bjorgyl, Novicoff, & Saleh, 2010).
In the ASA classification system, patients are classified into one of five
categories of comorbidity present before the injury (American Society of
Anesthesiologists, 2012). ASA 1 is a normal healthy patient, ASA 2 is a patient with
mild systemic disease, ASA 3 is a patient with severe systemic disease, ASA 4 is a
patient with severe systemic disease that is a constant threat to life, and ASA 5 is a
moribund patient who is not expected to survive without the operation. The grading
system was designed originally to standardize physical status categories for statistical
studies and for hospital records so that uniform interpretation would be possible.
Currently the ASA classification has two functions: to quantify the amount of
physiological reserve that a patient possesses at the time when they are assessed for a
surgical procedure, and as a method of adjusting health care billing in the United States.
A patient’s status may change before the patient actually undergoes the procedure,
either by optimization and improvement of their physical state or because they
deteriorate and have less reserve. Research shows that severe acute postoperative pain is
associated with ASA 2 and 3 status, preoperative pain, including acute and chronic pain,
and anxiety (Caumo et al., 2001; Hung & Stewart, 2014). There are conflicting data
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about the role of ASA physical status in the occurrence of PONV (Gan et al., 2014).
Lower ASA status is associated with higher total opioid consumption (Gagliese,
Gauthier, Macpherson, Jovellanos, & Chan, 2009). When Montane and colleagues
(2006) reviewed analgesic drugs used for postoperative pain management after
traumatic and orthopedic surgeries, only two of 92 RCTs included relatively sick
patients, ASA 3 and 4. The advantage of this study is that sick patients with any
systemic diseases are included.
2.5.1.2. Disease
This study includes trauma patients with a wide range of preexisting
comorbidities that might influence postoperative pain management and its outcome in a
variety of ways. This is unusual because the majority of RCTs specific to trauma and
orthopedic surgery exclude patients with common and relevant comorbidities (Montane
et al., 2006). For example, preexisting chronic pain has physiological and psychological
components that alter perioperative pain perception (Salama-Hanna & Chen, 2013).
Chronic pain orthopedic patients previously exposed to opioids report higher
postoperative pain ratings despite higher opioid consumption (Hina, Fletcher,
Poindessous-Lazat, & Martinez, 2014). Preoperative pain, in general, is frequently
identified as one of the strongest predictors of postoperative pain (Ip et al., 2009;
Kalkman et al., 2003) and increased opioid consumption (Ip et al., 2009).
In generalit appears that negative emotions, such as anxiety and depression,
have as much to do with pain perception as the precipitating injury or noxious stimulus
and poor response to pain management interventions (Alodaibi, Minick, & Fritz, 2014;
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Bot, Bekkers, Arnstein, Smith, & Ring, 2014; Colin, McCartney, & Nelligan, 2014;
Salama- Hanna & Chen, 2013). Preexisting anxiety is the most common predictor for
postoperative pain and is associated with increased ratings of pain intensity and total
opioid consumption (Alves, Vieira, Mathias, & Gozzani, 2013; Ip et al., 2009; Kil et
al., 2012; Vaughn, Wichowski, & Bosworth, 2007). Anxiety can be defined as an
unpleasant emotional state or condition (Kil et al., 2012). State anxiety is strongly
correlated with trait anxiety (Kil et al., 2012), and differentiation between state and trait
anxiety or measurement of anxiety levels is not a part of routine acute pain assessment,
considering the burden of answering multiple questions by patients in pain and the
ethical requirement to decrease the time between pain assessment and pain medication
delivery. Preoperative anxiety is predictive of postoperative anxiety, and postoperative
anxiety in turn is associated with postoperative pain (Pinto, McIntyre, Ferrero,
Almeida, & Araujo-Soares, 2012). In addition, excessive alcohol users frequently suffer
from anxiety disorder (Kushner, Abrams, & Borchardt, 2000). Depression may
(Alodaibi, Minick, & Fritz, 2014; Bot, Bekkers, Arnstein, Smith, & Ring, 2014;
Radinovic et al., 2014) or may not (Alves, Vieira, Mathias, & Gozzani, 2013) be
associated with increased postoperative pain. Some researchers differentiate between
anxiety and depression, whereas others consider them as a single negative emotion
concept. A single category approach was selected for this study.
2.5.1.3. Injury
The tibia is the second strongest bone in the body and the most common long
bone fracture (Newton & Love, 2007). It is an injury that warrants immediate surgical
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attention because of the potential complications. Tibia fractures are frequently
associated with fibula fractures, and isolated fibula fractures are rare; therefore, research
on tibia fractures frequently includes tibia with or without concurrent fibula fracture
(Keegan, Kelsey, King, Quesenberry, & Sidney, 2004; Miller & Askew, 2007). A
closed fracture to the tibia is more common and is associated with less severe
surrounding tissue injury than an open fracture (Miller & Askew, 2007). However,
orthopedic surgery for tibia fracture with or without concurrent fibula fracture may be
delayed until life-threatening injuries and associated hemodynamic instability are
optimized (Miller & Askew, 2007). Because such delays are unrelated to tibia fracture
pain management, patients with other serious injuries or with orthopedic surgeries
performed later than 24 hours from admission are excluded. The magnitude and
position of the lower extremity at the time of injury determines the extent of soft tissue
and other bones involvement. Soft tissue injury is very common, ranging from 47% to
99% (Forman, Karia, Davidovitch, & Egol, 2013). Fracture attributes (such as fracture
type or number of fractures) do not affect postoperative pain intensity (Bot, Bekkers,
Arnstein, Smith, & Ring, 2014).
2.5.1.4. Psychoactive substance use
As the role of mental health in outcomes studies after orthopedic surgeries
becomes increasingly elucidated, it seems pertinent that a history of psychoactive
substance use should be regarded as a comorbidity and accounted for in comparing
outcomes. Estimates of preinjury psychoactive substance use in trauma patients
range from 21% to 70% (Beasley et al., 2014). Rates vary by the settings, substance
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use patterns, measurements, and other methodological concerns. Psychoactive
substance usually refers to any chemical compound that affects brain function.
Getting a clear effect of psychoactive substance use on anesthesia-related pain
management strategies is difficult (Arnaout & Petrakis, 2001; McCabe, 2006;
Walsh et al., 2005). A large part of this difficulty is related to missing data as a
result of lack of testing for system-related reasons, which were beyond the scope of
this research. This study explored the effects of psychoactive substance use.
Alcohol consumption is the most frequent finding on admission and the most
studied of psychoactive substances, and modifies physiological response to injury
and surgery and complicates perioperative pain management (Milzman &
Soderstrom, 1994).
Injuries frequently occur while under the influence of alcohol, especially when
acutely intoxicated (Bogstrand, Rossow, Normann, & Ekeberg, 2013; Wojnar &
Jakubczyk, 2014). Alcohol consumption increases the risk of falls and creates a
threefold increased risk of fracture if a fall happens up to four hours after drinking
(Keegan, Kelsey, King, Quesenberry, & Sidney, 2003). Alcohol use has been
identified in 12.3% to 77.0% of traumatic injuries (Beydoun, Teel, Crowder, Khanal,
& Lo, 2014; Ricci, Majori, Mantovani, Zappaterra, Rocca, & Buonocore, 2008;
Wojnar & Jakubczyk, 2014) and is detected in approximately 40% of all orthopedic
trauma patients at the time of hospital admission (Jung et al., 2011). Acute
intoxication is defined in most states, including Maryland, as a blood alcohol content
(BAC) exceeding 0.08% or 80 mg/dL, which corresponds to consuming five or more
52

drinks for men or four or more drinks for women in about two hours (Saha, Stinson,
& Grant, 2007). Research shows postoperative pain management is frequently
inadequate for patients who were injured while intoxicated (Askay, Bombardier, &
Patterson, 2009). This can be explained by the fact that most studies focus on
demographics and resources utilization and fail to describe the differences in
perioperative pain management in acutely intoxicated patients (Eliasen et al., 2013).
The main perioperative pain management concern for occasional drinkers who
have been injured while intoxicated is the interaction between alcohol and opioids
(Askay, Bombardier, & Patterson, 2009). Chronic excessive alcohol use may alter the
physiological response to injury and pain medications. The major concern for patients
with excessive alcohol use is withdrawal from alcohol and cross-tolerance with opioids
(Askay, Bombardier, & Patterson, 2009). Tolerance is defined as “a state of adaptation
in which exposure to a drug induces changes that result in diminution of one or more of
its effects over time” (American Society of Addiction Medicine, 2001, p. 2). Tolerance
to opioids is usually addressed by using increased opioid doses (Savage, Kirsh, &
Passik, 2008); cross-tolerance is treated similarly. Therefore, these patients require
increased doses for adequate pain control (Savage, Kirsh, & Passik, 2008). In addition,
chronic alcohol users frequently suffer from chronic pain, depression, and anxiety,
which are independently associated with increased likelihood of unrelieved
postoperative pain (Carroll, Angst, & Clark, 2004; Weber, Jain, & Parise, 2007; White
& Kehlet, 2010). Therefore, it is hypothesized that intoxicated patients will report
significantly different postoperative outcomes compared with sober patients, regardless
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of whether a single or combination of previously discussed pain management strategies
is used.
Alcohol use is frequently coexists with smoking (Kork, Neumann, & Spies,
2010). Smokers have more severe postoperative pain than nonsmokers (Bot, Bekkers,
Arnstein, Smith, & Ring, 2014; Yu et al., 2014). Smoking status is the second strongest
predictor of PONV (Apfel et al., 2012; Gan et al., 2014). Smoking may (Creekmore,
Lugo, & Weiland, 2004; Tonnensen, 2011; Yu et al., 2014) or may not (Brattwall,
Stomberg, Rawal, Segerdahl, & Jacobsson, 2010) be associated with increased
postoperative opioid requirements. Smoking has also been identified as an independent
risk factor impeding recovery and can lengthen the time patients spend in the recovery
room (Grønkjær et al., 2014; Moller et al., 2003). Chronic exposure to nicotine and other
tobacco constituents is associated with an increased prevalence of chronic painful
conditions (Andersson, Ejlertsson, & Leden, 1998; John, Hanke, Meyer, Volzke,
Baumeister, & Alte, 2006). Nicotine administration (such as the nicotine patch)
significantly reduces total opioid consumption for the first 24 postoperative hours (but
only in nonsmokers) but increases the occurrence of PONV (Mishriky & Habib, 2014).
A considerable proportion of trauma patients have chronic opioid exposure
before injury. For example, opioid dependence is observed in up to 50% of chronic
pain patients (Minozzi, Amato, & Davoli, 2012). Chronic opioid consumption before
admission predisposes orthopedic patients for uncontrolled postoperative pain and
increased opioid consumption (Doi, Shimoda, & Gibbson, 2014; Liu et al., 2014;
Salama-Hanna & Chen, 2013). There are no studies or well-established guidelines
54

regarding acute pain management in opioid-dependent patients (Bounes, Jouanjus,
Roussin, & Lapeyre-Mestre, 2014; Vadivelu, Mitra, Kaye, & Urman, 2014).
2.5.2. Personal variables
According to the UCSF-SMM, personal variables include demographic,
psychological, sociological, physiological, and developmental characteristics (see
Figure 2.1). Only demographic characteristics are readily available in clinical practice
and discussed further. Although some researchers found that demographics do not
influence pain intensity (Bernstein, Gallagher, Cabral, & Bijur, 2009; Santaguida et
al., 2008), others report that younger age, female gender, and race or ethnicity are
factors in pain intensity (Cepeda & Carr, 2003; Hung & Stewart, 2014; Ip et al., 2009;
Liu et al., 2012; Kalkman et al., 2003; Odom-Forren et al., 2014; Tait, Chibnall, &
Kalauokalani, 2009). Race is characterized by distinctive physical characteristics
whereas ethnicity also includes cultural influences (Konstantatos et al., 2012). Ethnic
background may be responsible for differences in pain self-reports and response to
pain medications (Berben et al., 2008; Ip et al., 2009; Konstantatos et al., 2012;
Papaioannou et al., 2009; Sommer et al., 2010; Wu et al., 2003).
Individual opioid requirements for adequate pain control vary up to fivefold
even for similar procedures (Khan et al., 2011). Age, gender, and ethnicity affect
postoperative opioid requirements to achieve comparable levels of analgesia (Cepeda
& Carr, 2003; Keita, Tubach, Maalouli, Desmonts, & Mantz, 2008; Yen et al., 2010).
The gender-specific differences in rating pain and opioid consumption might be limited
for the first postoperative hour (Hussain, Khan, Ahmed, Chawala, & Azam, 2013).
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Overall, the effects of gender and age on opioid consumption are inconsistent in pain
research (De Cosmo et al., 2008) and might be confounded by other variables (Dohan,
Kest, Waxman, & Sarton, 2008). In addition, patients’ demographic characteristics,
such as female gender, racial or ethnic minority, and older age, have been identified as
risk factors for undertreatment of pain (Hirsh, Jensen, & Robinson, 2010; Tait,
Chibnall, & Kalauokalani, 2009). Female gender is the strongest overall predictor for
PONV, followed by younger age (Apfel et al., 2012; Gan et al., 2014). Age, gender,
and ethnicity are selected as confounders for the purposes of this research.
2.5.3. Environmental variables
According to the UCSF-SMM model, environment includes physical, cultural,
and social components. The physical environment can be defined as the setting where
pain is experienced and managed. Type of surgery is among the major determinants of
postoperative pain intensity and duration (Montane et al., 2006). Major orthopedic
surgery is known to result in severe postoperative pain (Montane et al., 2006; Montane
et al., 2010). Attributes of major orthopedic surgery related to tibia fracture, such as
type and length of surgery, may also affect postoperative pain intensity (Drosos et al.,
2008; Smith & Hing, 2010) and preclude drawing definite conclusions about the effects
of perioperative pain management strategies (Wermer, Mjobo, Nielsen, & Rudin,
2010). For example, intramedullary interlocking nails were associated with more pain
than any other common approaches for tibia shaft fracture, such as plating and external
fixation (Madadi et al., 2011). Therefore, these three variables are considered as
confounders. On the other hand, orthopedic surgeries are not strong predictors of
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PONV (Apfel et al., 2012).
Units with continuous monitoring environment (such as the TRU and PACU) are
better positioned for aggressive pain management (such as opioid titration to clinical
effect) than units with intermittent monitoring (surgical floors) for several reasons: 1) a
1:2 nurse to patient ratio, 2) immediate availability of pain management experts (such as
anesthesia providers), and 3) a safety net in management of potentially detrimental side
effects (such as opioid-induced postoperative respiratory depression). Usually, patients
report significantly less pain on discharge from the PACU than on their full recovery
from anesthesia (Wilding, Manias, Diarmuid, & McCoy, 2009). However, postoperative
opioid titration fails in 35% to 40% of patients (Yannick et al., 2014). These patients are
usually evaluated by the APS and receive PCA devices, which allow for self-titration,
balancing side effects with analgesia and reducing opioid gaps and anxiety surrounding
the surgical experience (Argoff, 2014; Day, Rich, Thorn, Berbaum, & Mangieri, 2014).
The APS usually consists of anesthesiologists and nurses, who are responsible for safe
adjustment of pain medication regimens to the individual patient’s needs (Parvizi,
Reines, Steege, & Viscusi, 2006; Ong et al., 2005). The APS personnel frequently write
and adjust PCA orders. Although PCA dosing is determined by pain management
experts, variability in patient use is likely to be affected by personal characteristics, such
as age and gender, as well as risk factors, such as alcohol use and smoking (Glasson,
Sawyer, Lindley, & Ginsberg, 2002; Yen et al., 2010). PCA use results in increased total
postoperative opioid consumption (Gagliese, Gauthier, Macpherson, Jovellanos, &
Chan, 2009; Hudcova, McNicol, Quah, Lau, & Carr, 2006), decreased pain intensity, and
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similar occurrence of PONV (Hong & Lee, 2014; Hudcova, McNicol, Quah, Lau, &
Carr, 2006). Routine universal PCA use is not cost effective from the hospital’s
perspective because of the extra cost associated with the APS consult and the equipment
(Engoren, 2003; Hong & Lee, 2014). APS involvement and PCA use are included in this
research as confounders. Every third patient who uses PCA experiences PONV (Gan et
al., 2014).
The cultural environment includes the values, beliefs, and practices that guide
providers’ pain management practices. In the absence of evidence-based pain
management in patients with a history of alcohol use and subjective pain reports, many
providers are likely to experience high levels of doubt, especially when they are
concerned with the potentially life-threatening side effects of opioids (such as
respiratory depression). Potential side effects are likely to affect opioid doses in 50% to
60% of patients on the floor (Webster, 2007). Therefore, many clinicians on surgical
floors give smaller opioid doses and at longer intervals because of a lack of expertise in
pain management, the absence of continuous monitoring, a fear of opioid-induced
respiratory depression, and the subjective nature of pain reports (Bell & Duffy, 2009;
Grinstein-Cohen, Sarid, Attar, Pilpel, & Elhayany, 2009). For example, patients who
reported no pain on discharge from the PACU receive their first dose of opioids in 4.5
to 5.5 hours on the floor (Wilding, Manias, Diarmuid , & McCoy, 2009). Other
clinicians have a negative attitude toward patients with a history of substance use,
including alcohol (Carroll, Angs, & Clark, 2004; Grant, Cords, & Doberman, 2007).
Suboptimal pain treatment leads to a higher occurrence of uncontrolled pain (Grinstein58

Cohen, Sarid, Attar, Pilpel, & Elhayany, 2009).
The social environment is defined by social cognition (how people make sense
of other people and themselves) and interpersonal relationships. Providers’ clinical
judgment and selection of pain-relieving strategies are based on the information
received during their interaction with patients (Bell & Duffy, 2009; Tait, Chibnall, &
Kalauokalani, 2009), customary practices (De Cosmo et al., 2008), and other
interdisciplinary care team members. Social environment information is generally
lacking in clinical documentation and is beyond the scope of this research.
2.6 Summary
Clinicians treating perioperative pain face a challenge in everyday practice
because of the enormous variability in patients’ pain experience and large
interindividual differences in opioid dose requirements and response. Research in
postoperative pain management specific to trauma and orthopedic surgery provides
insufficient evidence for clinical decision making or therapeutic guidelines (Montane et
al., 2010) because of poor to moderate quality of reporting of RCT results (Borg et al.,
2012; Dahl et al., 2014; Montane et al., 2010). A combination of multiple contextual
variables is likely to affect the approach to perioperative pain management and pain
management–related outcomes (Fassoulaki, Melemeni, Paraskeva, Siafaka, &
Sarantopoulos, 2008; Caumo et al., 2001). This research examined the implications of
anesthesia providers’ decisions to administer benzodiazepines and longer-acting
opioids (ARPM strategies) with postoperative outcomes (ratings of the postoperative
pain intensity, total opioid consumption, time required to achieve PACU discharge
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criteria, and occurrence of PONV for the first 24 postoperative hours). In addition,
intoxication on admission is a frequent finding in trauma patients, which complicates
perioperative pain management as a result of the alteration of physiological and
psychological processes. This research evaluated the effect of these strategies on
selected outcomes between patients who were and were not intoxicated on admission.
Rating pain intensity at a specific time frame, such as 24 postoperative hours, is
one of the most frequently used outcomes for perioperative pain management even
though pain intensity does not accurately reflect the whole phenomenon of
perioperative pain. Based on the USF-SMM, contextual variables from all three core
nursing concept-domains are considered to be confounders for the purposes of this
study. The following possible confounders for hourly average ratings of the
postoperative pain intensity have been selected based on the literature review and with
respect to the hypothesis being tested: preoperative pain intensity, opioid
administration during transport to the hospital, total opioid preoperative consumption,
preoperative benzodiazepines, prophylaxis antiemetics, postoperative pain
management adjuvants, age, gender, ethnicity, history of alcohol and smoking, ASA
physical status, chronic pain, anxiety, depression, length of surgery, duration of
anesthesia, APS involvement, and PCA use. Because health care professionals are
likely to underestimate pain intensity (Gonzalez-Fernandez, Aboumatar, Conti, Patel,
Purvin, & Hanna, 2014), self-reported pain intensity rating is preferable to all other
methods and is used in this study.
A surgery-specific approach that incorporates unique postoperative pain and its
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management contextual variables permits a better evaluation of perioperative analgesic
strategies and facilitates development of effective clinical practices targeted to patientcentered outcomes (Fischer et al., 2008; White & Kehlet, 2010). Previous research
inconsistency may be attributed to differences in contextual variable selection and
control among other factors (Montane et al., 2010; Vaughn, Wichowski, & Bosworth,
2007). The UCSF-SMM has offered the best fit for existing and developing knowledge
about relationships between perioperative pain management strategies, related concepts,
and contextual variables. Therefore, a systematic approach suggested by the UCSFSMM was used to select quantitative personal, environmental, and health and illness
variables to assess whether these contextual variables modified the effect of the ARPM
strategies on selected postoperative outcomes.
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CHAPTER 3
METHODOLOGY
This chapter describes the methods for the study, including design, setting,
sample, variables and sources of data, measures, human subjects concerns,
procedures, analysis, and identified problems and their solutions. Variables were
selected based on a perioperative pain management literature review and personal
clinical observations and categorized according to the UCSF-SMM: symptom
experience (pain intensity), symptom management strategies (pain management
strategies), outcomes (selected pain management–related outcomes), and contextual
variables (person, environment, and health and illness).
3.1 Design
There is a continuous quest for increased quality and efficiency in anesthesia care.
Dutton and DuKatz (2013) described improvement in anesthesia care as a cyclical
process of collecting observations (creating a dataset of what is typically done, what
are the outcomes of interest, and what are the risk factors), analysis, changes in care,
and repeating observations. Collection and analysis of observations of what is
typically done by anesthesia providers and testing of hypotheses can be accomplished
by medical records review. Understandably, the proportion of observational studies in
anesthesia research exceeds 80.0% (Guglielminotti et al., 2014). A retrospective case
series design was selected for this study.
3.2 Setting
This study used data from the R. Adams Cowley Shock Trauma Center, a
Level I Trauma Center certified by the American College of Surgeons, which serves
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central Maryland and Baltimore City adult trauma victims (age 14 and older). This
facility was selected because it could provide data from a sufficient number of
admissions for tibia and/or fibula fractures and patient profile diversity. Because
patients were admitted from rural, suburban, and urban settings, the trauma center’s
patient profile, relative to gender, age, and mechanism of injury, could be considered
a representative sample of patients treated in trauma centers throughout the country
(American College of Surgeons, 2002).
The STC admits approximately 6,000 patients annually. Vital information about
patients’ status is available before their arrival from the scene of the accident to the
TRU, where a team of health care professionals specifically trained in trauma care
immediately assesses them. Surgeries required for non–life-threatening injuries are
usually performed within the first 24 hours after admission.
3.3 Sample
The sample consisted of consecutive patients who were admitted to the STC
during the 2007 through 2009 calendar years and met the inclusion and exclusion criteria.
During this period the documentation had minor changes, providing relative consistency
for data collection.
3.3.1. Inclusion Criteria
The inclusion criteria for this study were patients 18 years or older at the time of
admission who sustained any tibia fracture with or without concurrent fibula fracture
requiring orthopedic surgery within the first 24 hours from admission. Schmidt (2011)
identified 18 different International Classification of Diseases, 9th Revision (ICD-9)
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codes associated with tibia fracture that reflect various patterns of fractures, including
but not limited to concurrent fibula fracture. The codes used for this study are presented
in Table 3.1.
Table 3.1: International Classification of Diseases, 9th Revision codes
Description
823.00
823.02

Fracture upper end of tibia, closed
Fracture upper end of fibula with tibia, closed

823.10

Fracture upper end tibia and fibula, open

823.12

Fracture upper end of fibula with tibia, open

823.20

Fracture shaft of tibia and fibula, closed

823.22

Fracture shaft of fibula with tibia, closed

823.30

Fracture shaft of tibia and fibula, open

823.32

Fracture shaft of fibula with tibia, open

823.8

Fracture tibia, closed, otherwise unspecified

823.9

Fracture tibia, open, otherwise unspecified

824.0

Fracture medial malleolus, closed

824.1

Fracture medial malleolus, open

824.4

Fracture bimalleolar, closed

824.5

Fracture bimalleolar, open

824.6

Fracture trimalleolar, closed

824.7

Fracture trimalleolar, open

824.8

Fracture ankle, closed, otherwise unspecified

824.9

Fracture ankle, open, otherwise unspecified

3.3.2. Exclusion Criteria
Exclusion criteria include the following: 1) an Injury Severity Score (ISS) of
more than two in any part of the body other than the injured leg, 2) documented
cognitive disability, 3) inability to understand and/or speak English, 4) regional
anesthesia, 5) disposition to other than the PACU, 6) delay of 2 hours or more in
postoperative tracheal extubation, and 7) return to the operating room for emergency
surgery within the first 24 postoperative hours. The following reasons were used for
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determining these exclusion criteria. Although tibia fracture is the most common long
bone fracture, it is frequently associated with other serious concurrent injuries. For
example, high-energy trauma and significant falls that result in tibia fracture are often
associated with multiple life-threatening injuries (Newton & Love, 2007), resulting in
an ISS >2. Concurrent pain from other sites of injury with an ISS >2 and associated
differences in pain management confound the data, and therefore these patients were
excluded. Patients with documented cognitive disability were excluded because of
concerns about their ability to self-report as well as the reliability and validity of their
self-reported pain intensity scores. Some acutely intoxicated patients are combative and
get intubated preoperatively to facilitate operative care. These patients were not
excluded if they were extubated within 2 hours postoperatively. On other hand,
postoperative interaction between residual paralysis and inhalation agents,
benzodiazepines, and opioids could result in serious compromise of respiratory
function, requiring delay of postoperative extubation for more than 2 hours,
reintubation, and unanticipated admission to the ICU. Return patients for emergency
surgery due to surgical complications, such as compartment syndrome, were beyond
the scope of the study and were excluded.
3.3.3. Sample size
Calculation of the desired sample size was based on the four methods used for
hypothesis testing, which were logistic regression, mixed methods, linear regression,
and analysis of variance (ANOVA). In an a priori power analysis, the sample size (N)
calculation is based on the required power level (1 – β), the prespecified significance
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level (α), and the effect size. The sample size was calculated using G*Power 3.1.9.2
(Faul, Erdfelder, Lang, & Bluchner, 2007) based on a generally accepted power of
0.80, a significance level of 0.05, and a medium effect size of 0.15. The proposed study
is likely to have between 5 and 8 covariates and a treatment categorical variable with
four levels. It is desirable to control for as many variables as technically feasible to
reduce confounding influences.
Considering an odds ratio of 0.6, the desired sample size to achieve empirical
validity was a total of 198 patients. Logistic regression is considered a large sample
method, and several guidelines for sample size have been proposed. A general rule of
thumb proposed by Peduzzi et al. (1996) suggests that there should be at least 10 yesses
and 10 nos, with 20 of each being preferable, for each predictor variable. LeBlanc and
Fitzgerald (2000) suggest a minimum of 30 participants per predictor variable in the
analysis. Alternatively, Hsieh, Block, & Larsen (1998) suggest that with alpha set at
0.05, a sample size of 300 participants is needed to achieve a power of 0.80 with a
medium effect size. However, recent studies have suggested that a similar minimum
confidence interval coverage and maximum type I error can be achieved sing smaller
sample sizes (i.e., 5 to 9 events per predictor variable) rather than the generally
accepted 10 to 20 participants for each predictor variable (Vittinghoff & McCulloch,
2006).
The sample size for multiple linear regression with 12 predictors (considering the
ARPM variable as 3 predictors) was calculated using G*Power 3.1.9.2 (Faul, Erdfelder,
Lang, & Bluchner, 2007). Considering a generally accepted power of 0.80, a significance
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level of 0.05, and a medium effect size of 0.15, the desired sample size to achieve
empirical validity for a multiple linear regression with 12 predictors was a total of 127
participants. The sample size for a mixed model with 12 predictors was calculated as 167
patients using the same parameters as for multiple linear regression.
Sample size for a one-way ANOVA with four groups was calculated as 128
patients using the parameters as for multiple linear regression. Bot and colleagues (2014)
reported a smaller sample size of 84 patients using similar parameters (an a priori power
analysis to detect a medium effect size of 0.3, power of 0.80, and a significance level of
0.05) for exploration of the relationship between ratings on the verbal NRS of pain
intensity and opioid equianalgesic consumption during the first 24 postoperative hours in
patients undergoing surgery for non–life-threatening fractures.
3.3.4. Sample identification
After Institutional Review Board (IRB) approval on November 12, 2012, patients’
electronic records were screened by the hospital personnel for admitting diagnosis (tibia
fracture–related ICD9 codes as outlined in Table 3.1) and ISS <2 in any other part of the
body other than the lower extremity. During the period of 2007 through 2009, patients
who had sustained s tibia fracture without other concurrent serious injuries consistently
accounted for less than 3% of all trauma admissions at the STC. This could be explained
by the fact that most tibia fractures were associated with other life-threatening injuries.
The initial list of 495 patients contained 27 minors (younger than18 years old)
and 64 patients who did not have their initial surgery at the STC. These 91 patients did
not satisfy the inclusion criteria and were excluded. The remaining 404 patients were
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further reduced based on these exclusion criteria: 1) documented cognitive disability, 2)
regional anesthesia, 3) disposition to other than the PACU, 4) delay of 2 hours or more
in postoperative tracheal extubation, 5) return to the operating room for emergency
surgery, 6) surgical procedure on the affected leg more than 24 hours after injury, 7)
interhospital transport before surgery, and 8) other reasons, such as no scanned records
in the Horizon Patient Folder (HPF) or surgery unrelated to tibia fracture (see figure
3.1).
Figure 3.1: Identification of Sample for Analysis

By September 1, 2013, data were collected on 206 patients from this database
(who satisfied inclusion and exclusion criteria) and transferred from Excel files into
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IBM SPSS 21 for further analysis. No patients were identified with documented
cognitive disability. There were only two cases in which regional anesthesia was
given. As expected, there were a small number of postoperative ICU admissions (only
two). This finding was consistent with the current literature. Isolated tibia fracture
surgeries are usually not associated with life-threatening complications, and patients
can be safely transferred to the regular floor after PACU discharge criteria are met.
There were a small number of patients (10) who had been extubated outside of the 2hour window. There were 10 patients who were returned to the operating room within
the first 24 postoperative hours due to surgical complications. Surgical delay beyond
24 hours from admission was identified in 35 cases. There were a large number (123)
of interhospital transfers. Also, 16 charts of otherwise eligible patients were excluded
because the charts were not found in the HPF or patients underwent an emergency
surgery unrelated to tibia or fibula fracture (such as vascular or cardiac surgeries for
problems identified during the preoperative diagnostic procedures).
3.4 Sources of Data
Patient records were a proxy for interdisciplinary patient-centered care in the
UCSF-SMM, including the management of pain. Concept-dimensions (pain intensity,
perioperative pain management strategies, and postoperative outcomes) and
contextual variables from three domains (person, environment, and health and illness)
clinical data were recorded by interdisciplinary pain management providers. Some
data had more than one source. Therefore, multiple sources were cross-examined to
minimize the proportion of missing data.
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Data were collected within three time frames: preoperative, intraoperative, and
postoperative. The preoperative phase of pain management started from admission to
the TRU and ended at the anesthesia start time (anesthesia records) when the patient’s
care was transferred to an anesthesia provider. Anesthesia start time is defined by the
Centers for Medicare and Medicaid Services (Medicare Claims Processing Manual,
Chapter 12, p. 118) as the time when an anesthesia provider begins to prepare the patient
for anesthesia. The TRU medical and nursing records were the source of the following
information: preoperative pain intensity scores, preoperative medication administration,
past medical history (including a history of psychoactive substances use, preexisting
pain, and negative emotions), ISS, type of tibia fracture, and presence of concurrent
fibula fracture. Transport documentation from the scene of the injury was used to obtain
the preoperative baseline pain rating (when available) and opioid administration (Table
3.2).
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Table 3.2: Perioperative data collection time frame
Preoperative phase

Intraoperative phase

Postoperative phase

From TRU admission to anesthesia start
time)

From start to end of anesthesia
Time

From the end of anesthesia
time and up to 24
postoperative hours

Admission to TRU:

Anesthesia related pain
management strategies:

Time to PACU discharge
criteria met:

1. Preoperative pain intensity
2. Past medical history (PMH),
including self-report of psychoactive
substance use, pre-existing chronic pain
and negative emotions
3. Injury Severity Score (ISS)
4. Transport opioid administration
5. Baseline pain rating
6. Smoking status
7. Toxicology screen
Discharge from TRU:

1. Administration of
benzodiazepines within the
first 90 minutes after
anesthesia start time
2. Administration of morphine
or hydromorphone at the end
of surgery

1. Pain intensity scores
2. Total opioid
consumption in PACU
3. Time required to
achieve the criteria

Anesthesia end time:

24 postoperative hours:

1. Pain intensity scores
2. Administration of preoperative
benzodiazepines
3. Additional PMH and ASA physical
status assignment
5. Total preoperative opioid
consumption
6. Administration of benzodiazepines
within 90 minutes before anesthesia start
time
7 Occurrence of PONV
8. Type of tibia fracture
9. Concurrent fibula fracture

1. Type of surgery
2. Length of surgery
3. Morphine or hydromorphone
at the end of surgery
4. Total intraoperative opioid
consumption
5. Type of inhalation agents
6. Pharmacological adjuvant
7. Corrected ASA physical
status

1. Pain intensity scores
2. Total opioid
consumption
3. APS consult
4. PCA use
5. Occurrence of PONV
6. Pharmacological
adjuvant
7. Additional PMH

Preoperative pain management had two components, medications given
during transport (found under outside forms in the HPF) and between admission to
the TRU and anesthesia start time (found in the TRU flow sheet and Medication
Administration Records). Maryland ambulance information system forms (ground
transportation) provided the worst documentation. The carbon copy of the Additional
Narrative page handwriting in moving vehicle was frequently hard to read. While the
date of the ambulance service was clearly indicated, it was difficult to find any timing,
including medication administration time. Medication administration optical scan
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sheets, which
included the bullets for opioids and benzodiazepines, were rarely filled in during the
transport even when medications were given. The general principle of evaluation and
management of clinical documentation (Centers for Medicare and Medicaid Services,
2010)—“if it wasn’t documented, it hadn’t been done”—was used in this study. This
common situation in the health care documentation increased the probability of
missing data on opioid administration. Helicopter (air transportation) records were
printed and were easier to read. Opioid administration during air transportation was
uncommon, which could be explained by the short duration of the flight. Other
possible reasons for opioid omission during transport were allergy to one or more
opioids, decreased level of consciousness, difficulties with obtaining intravenous
access, or dislodging of existing intravenous access. The Maryland State Police faxed a
printed EMAIS Patient Care report with patient demographics, past medical history,
pain ratings on the initial assessment, and opioid administration dosages (but
frequently without timing). Fire Department printed reports were inconsistent in
documenting initial pain ratings and opioid administration (dosages and timing).
Because dosages, timing, and reasons for omitting pain medication during transport
were frequently unavailable, the opioids given during transport were transformed into a
dichotomous variable (given or not given).
The intraoperative phase (Table 3.2) was defined as the period between the
anesthesia start and end times provided in the anesthesia records. Medicare defines the
anesthesia end time as the time when the anesthesia provider safely transfers patient
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care to the next non–anesthesia provider (Medicare Claims Processing Manual, Chapter
12, p. 118). The following information was abstracted from anesthesia and surgical
records: intraoperative medication administration, type of inhalation agents used, length
of surgery, corrected (final) ASA physical status, and additional past medical history.
The postoperative phase started when patient care was transferred from the
anesthesia provider to a PACU nurse on arrival to the PACU (end anesthesia time)
and up to 24 hours after the anesthesia end time. Postoperative medication
administration was extracted from the PACU records, medication administration
records (including electronic medication administration records), interdisciplinary
notes, and, if present, Pain Management Flow Sheets (PMFS) and APS records. When
PCA was used, the PMFS was maintained in each patient's medical record and was
used by health care providers to monitor pain relief (reflected by pain intensity
scores), total opioid consumption, and occurrence of the most common side effect,
PONV. The STC policy required data to be entered by nurses on initiating the PCA or
changes in the settings, then twice every 30 minutes, then every two hours four times,
and then every four hours after assessing the patient. Because of variations in these
intervals and noncompliance with monitoring, the exact time of all outcome
measurements regardless of source were entered. In addition, pain intensity scores and
frequencies of PONV were abstracted from postoperative interdisciplinary records,
including medical, TRU, PACU, and nursing floor flow sheets. Additional insight into
past medical history was sought in substance abuse consultations.
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3.5 Overview of measures
For the purposes of this study, the UCSF-SMM (Figure 3.2) guided the
selection of variables associated with each dimension and the context of the model.
Figure 3.2: Application of the UCSF-SMM to Perioperative Pain Management

In addition, variables were selected based on findings from previous research and
theory as well as their probable availability in the medical records.
The outcomes were conceptualized as rating of the postoperative pain intensity,
total postoperative opioid consumption, time required to achieve PACU discharge
criteria, and frequency of opioid-related side effects (PONV) within the first 24
postoperative hours; the symptom management strategies were conceptualized as
perioperative pain management strategies; and the symptom experience in the model
was operationalized as the patient's perioperative pain experience. Surrounding these
three dimensions were three groups of contextual variables: health and illness, person,
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and environment. These contextual variables can influence the pain experience,
perioperative pain management, and pain management–related outcomes. The patient’s
self-report of pain intensity (evaluation of symptoms) was both a trigger for
interventions as well as an outcome of pain management interventions.
3.5.1. Outcome measures
Postoperative pain intensity up to 24 postoperative hours was the main
outcome variable; however, additional selected outcomes included total postoperative
opioid consumption, time required to achieve PACU discharge criteria, and occurrence
of PONV (side effect) up to 24 postoperative hours. Hypothetically, patients with
exposure to morphine or hydromorphone by the end of surgery and/or who received
perioperative benzodiazepines would have statistically different postoperative
outcomes than those without those exposures (Table 3.3).
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Table 3.3: Description of outcome variables: source, measurement type and coding
Variables

Source/form
and records

Variable
type

Coding

Hourly average rating of postoperative
pain intensity on the verbal NRS
during the first 24 postoperative hours

Calculated

Continuous

Pain1av…..Pain24av: Average
hourly ratings of postoperative pain
intensity measured on the NRS
scale, during the first 24
postoperative hours

Categorical hourly average rating of
postoperative pain intensity on the verbal
NRS during the first 24 postoperative
hours

Calculated

Categorical

CatPainAv1 …. CatPainAv24: (0)
mild pain ≤ 4 measured on the NRS
scale, (1) moderate pain = average
pain intensity ratings more than four
but less than six, (2) severe pain =
average pain intensity ratings ≥ 6.

PACU+
nursing flow
sheets + MAR
+ APS records
+ pain
management
flow sheets

Continuous

Pain[time]: pain intensity
measured on the NRS scale
and time in hhmm format,
ranging for 0000-2400

Calculated

Continuous

TotalOpioid24: total morphine
equianalgesic dose in mg of
opioids given in the first 24
postoperative hours starting
from the end of anesthesia time

POSTOPERATIVE PAIN

Raw data below used to calculate postoperative pain variable
Variable number of measurements
from arrival to the PACU up to 24
postoperative hours

TOTAL OPIOIDS CONSUMPTION
Total opioids consumption for 24
postop hours

Raw data used to calculate total postoperative opioid consumption
Hourly average total postoperative opioid
consumption

Calculated

Continuous

HrOpi1… HrOpi24: hourly average
total opioid consumption in
morphine equianalgesic dose
expressed in mg

Fentanyl

PACU
+MAR/eMAR
+ PFMS
Records

Continuous

Fentany[time]: dose in mcg
given in the first 24
postoperative hours starting
from the end of anesthesia
time and time in hhmm format,
ranging from 0000 to 2400

Morphine

PACU
+MAR/eMAR
+ PFMS
Records

Continuous

Morphine[time]: total dose in
mg given in the first 24
postoperative hours starting
from the end of anesthesia
time and time in hhmm format,
ranging from 0000 to 2400

76

Table 3.3: Description of outcome variables: source, measurement type and coding
(Cont.)
Variables

Source/form
and records

Variable
type

Coding

Hydromorphone

PACU
+MAR/eMAR
+ PFMS
Records

Continuous

Dilaudid[time]: total dose in
mg given in the first 24
postoperative hours starting
from the end of anesthesia
time and time in hhmm format,
ranging from 0000 to 2400

Methadone

PACU
+MAR/eMAR

Continuous

Methadone[time]: total dose in
mg given in the first 24
postoperative hours starting
from the end of anesthesia
time and time in hhmm format,
ranging from 0000 to 2400

Oxycodone

PACU
+MAR/eMAR

Continuous

Oxycodone[time]: total dose in
mg given in the first 24
postoperative hours starting
from the end of anesthesia
time and time in hhmm format,
ranging from 0000 to 2400

Oxycontin®

PACU
+MAR/eMAR

Continuous

MsContin®

PACU
+MAR/eMAR

Continuous

Oxycontin®[time]: total dose
in mg given in the first 24
postoperative hours starting
from the end of anesthesia
time and time in hhmm format,
ranging from 0000 to 2400
MsContin[time]: total dose in
mg given in the first 24
postoperative hours starting
from the end of anesthesia
time and time in hhmm format,
ranging from 0000 to 2400

PACU records

Continuous

TimePACU: expressed in
minutes and coded as 999 when
time for meeting discharge
criteria are missing or criteria are
not met.

PACU+
nursing +
medical +
PFMS records

Dichotomous

PONV24: (0) no postoperative
antiemetics are given, (1)
postoperative antiemetics are
given

PACU TIME
Time required to achieve PACU
discharge criteria

SIDE EFFECTS
PONV:
First 24 postoperative hours

* Raw data that were modified for statistical analysis
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3.5.1.1. Pain intensity
The primary outcome was postoperative pain intensity measured on the
verbally administered NRS. Postoperative pain intensity assessment is widely used in
clinical practice and research as a patient-reported outcome (PRO). The FDA (2009)
released the Guidance for Industry on the use of PRO Measures in Medical Product
Development to Support Labeling Claims. The FDA suggested that pain measurement,
as any other PRO, should be derived directly from the patient or, in the absence of
interpretation of the response, by any other individual, including health care
professionals, such as physicians and nurses. Measures of pain intensity were taken
during transport, on admission to the TRU and during the preoperative phase
(abstracted from the TRU and floor nursing records), on arrival to the PACU, and all
other available consecutive pain measurements starting from the end of anesthesia time
in the PACU and up to 24 postoperative hours (Pain Management Flow Sheets, PACU
and floor nursing flow sheets, MAR and eMAR, and APS records). If the APS was not
involved, then Pain Management Flow Sheets and APS records were not present in the
chart.
The UCSF-SMM is a theory with two levels: time and patient. Therefore, each
patient had pain measures during transport (Tpain), a measurement on admission to
TRU (Apain), and then a variable amount of measurements preoperatively and during
the first 24 postoperative hours. Each record thus contained an ID variable for the
person and associated measurements (such as pain ratings and occurrence of PONV)
with the time indicators. The substantial differences in levels of monitoring and nurse
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to patient ratios between the PACU and surgical floor were reflected in the frequency
of pain intensity assessments. Hourly pain assessments are not necessary on surgical
floors (the ASA Task Force on Acute Pain Management, 2012). Therefore, a drastic
increase in the proportion of unmeasured hourly ratings of postoperative pain was
expected.
Hourly average ratings of pain intensity: to standardize variations in
frequencies of postoperative measurement, an average pain intensity within each
postoperative hour was calculated for each patient (PAIN1av … PAIN24av) if more
than one rating was available. Frequently, some nurses documented “unable to assess”
pain rating because patients were too sleepy to provide any answer. Thus, no pain
ratings were recorded. In addition, nurses frequently put comment “asleep” for
sleeping stable patients who appeared to be comfortable. The first possible approach
was to exclude “asleep” from the analysis because the true pain rating was unknown.
However, this approach would result in higher average hourly ratings of postoperative
pain intensity. The first approach is reflected in Table 3.4 and shows the number of
measurements and hourly average rating of postoperative pain intensity (each hour is
counted in minutes).
Table 3.4: Hourly average pain intensity excluding “asleep” pain ratings

The second possible approach was to approximate “asleep” to “no pain” or “0”
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on the NRS. This is a common clinical approach. For example, PACU nurses
frequently put “0” as the pain rating on the first page on the PACU flow sheet and
document that the patient has been sleeping at the same time on the second page of the
flow sheet. Because documentation of the sleeping status at the time of “0” pain rating
was not always available, the first page pain rating was copied into the dataset. Such
nursing practice of approximating “asleep” to “no pain” could decrease the average
hourly rating of postoperative pain intensity. To examine the effects of such practice,
all pain ratings of “asleep” were changed to “0” on the NRS. The assigning of a score
of “0” to sleeping patients had very little or no effect on the average hourly pain ratings
within the first 24 postoperative hours (difference of 0.0 to 0.2 points on the NRS
retrospectively), reflecting the actual number of measurements and decreasing the
proportion of missing data. Therefore, pain ratings of “asleep” were approximated to
“0” for further analysis to capture all available pain intensity observations. Table 3.5
presents the results of such approximation.
Table 3.5: Hourly average pain intensity substituting “asleep” pain ratings with “0”

Data data demonstrated a high proportion of average hourly pain intensity
rating > 6 on the NRS, which was expected after major orthopedic surgery.
According to the AHCPR (1992), a rating of pain intensity of more than six is
defined as severe pain (see Figure 5 in the Appendix). Considering that severe pain
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was linked to detrimental outcomes, categorical hourly pain intensity was also
considered.
Categorical hourly average pain intensity: a categorical variable coded (0) mild pain
defined as hourly average of postoperative pain intensity ≤ 4, (1) moderate pain defined
as hourly average of postoperative pain intensity more than four but less than six on the
NRS and (1) severe defined as hourly average of postoperative pain intensity ≥ 6.
3.5.1.2. Opioid consumption
Opioids are the cornerstone of moderate to severe pain management and their
consumption is measured at each perioperative phase. The total amounts of all given
opioids were recorded at the following times: 1) from admission to the TRU to
anesthesia start time (total preoperative opioid consumption, which is a potential
covariate), 2) from one hour before the end of surgery to the end of anesthesia time
(strategy Opioid and Combo), and 3) from the end of anesthesia time and up to the first
24 postoperative hours (one of the outcomes). The eMAR and MAR, PCA flow sheets,
and TRU, anesthesia, and PACU records were examined to determine the total opioid
consumption in intravenous morphine equianalgesic dose for each phase in milligrams.
Opioid conversion to a morphine equivalent is a common practice in pain management
research. The Advanced Opioid Converter by GlobalRPh clinical reference (available at
http://www.globalrph.com/opioidconverter2.htm) was used to convert all opioids to
intravenous morphine. The Advanced Opioid Converter considers up to three concurrent
different opioids and differentiates the route of administration for calculation of
equianalgesic dose of morphine. The total dose of each opioid within the first 24
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postoperative hours was entered for imputation into the site calculator. To standardize
the dosing, total opioid consumption was expressed in milligrams of morphine
equivalent.
Average total hourly postoperative opioid consumption was calculated by
accounting for the total dose, route, and duration of action of each opioid given. To
calculate average hourly equianalgesic dose of morphine, each opioid dose was
entered into the Advanced Opioid Converter and then divided by the corresponding
average duration of action. The upper limits of dose-dependent duration of action of
the individual drugs as given by the Department of Pain Medicine and Palliative Care
at Mount Sinai Beth Israel were used (available at
http://stoppain.org/pcd/_pdf/OpioidChapter3.pdf ). It was assumed that equal
proportions of opioid were consumed each hour during a drug’s duration of action.
Then the fractions of all opioids given within a particular hour (from X:00 to X:59)
were summarized for average hourly calculation.
Total opioid consumption for the first 24 postoperative hours: a new variable
TotalOpi24 was calculated after accounting for the total dose and route of each opioid
given within the first 24 postoperative hours (fentanyl, morphine, hydromorphone,
oxycodone, and methadone) by converting them into intravenous morphine
equianalgesic doses. The total opioid consumption distribution was skewed, and the
natural log transformation was used to achieve approximately normal distribution for
further analysis.
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3.5.1.3. Time required to achieve PACU discharge criteria
Standard PACU discharge criteria are outlined for recovery nurses on the first
page of the PACU flow sheet (form PC4 rev. 10/06). Nursing staff, as primary care
providers, are responsible for determining and documenting the actual time when
PACU discharge criteria are met. Unfortunately, the time when PACU discharge
criteria were met was frequently not recorded. When the time was not clearly
documented on the first page, it was then abstracted from the unstructured nursing
documentation on the second page. The author, EVV, used the PACU discharge criteria
outlined on the first page and her own clinical judgment (as anesthesia provider for the
last 9 years and as a PACU staff nurse for 3 years) to make this determination.
Time required to achieve PACU discharge criteria was calculated by
subtracting anesthesia end time from the time the discharge criteria were met. When
available, the time written on the PACU records by the PACU nurse was used. If the
data were missing, the author calculated time based on the criteria described in the
previous paragraph. The time required to achieve PACU discharge criteria is a
continuous variable expressed in minutes.
3.5.1.4. Postoperative nausea and vomiting (PONV)
PACU and nursing flow sheets and postoperative medical and APS notes were
used to collect information about the presence of PONV within the first 24 postoperative
hours. The administration of a postoperative antiemetic (rescue dose) is usually the
result of a nursing interaction with a patient; therefore, it is used as a reasonable
surrogate measure of postoperative PONV even if it was less accurate than prospective
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data collection (Habib & Gan, 2010).
Occurrence of PONV is a dichotomous variable abstracted from several
sources: TRU flow sheet, MAR, eMAR, and anesthesia records (PONV24) based on
any postoperative antiemetic administration (rescue dose), starting from anesthesia
end time and up to 24 postoperative hours (Table 3.3).
3.5.2. Anesthesia-related pain management strategies
Pharmacological pain management usually consists of opioids and adjuvants.
Benzodiazepines are frequently administered within 90 minutes of anesthesia start
time. Midazolam is the most common choice because of a rapid onset of action after
intravenous administration (1 to 5 minutes) and a relatively short elimination half-life
(3 hours) (http://www.drugs.com/pro/midazolam-injection.html). Morphine and
hydromorphone given at the end of surgery may affect postoperative pain and
postoperative opioid consumption during the immediate postoperative period in the
PACU or even the entire first 24 postoperative hours. A combination of administration
of benzodiazepines within 90 minutes of anesthesia start time and longer-lasting
opioids within an hour of surgical end may provide different outcomes than any
strategy alone.
Benzo strategy: Administration of benzodiazepines within 90 minutes of
anesthesia start time (90 minutes before or after anesthesia start time). Timing of
benzodiazepine administration was abstracted from several sources: TRU flow sheet,
MAR, eMAR, and anesthesia records. A new benzodiazepines dichotomous variable
(Benzo) was created to differentiate the effects of administration of benzodiazepines
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within 90 minutes of anesthesia start from all other cases (Table 3.6).
Table 3.6: Anesthesia related pain management strategies
Variables

Source/form
and records

Variable
type

Coding

Benzo strategy
Benzodiazepines given Calculated
within 90 min of
anesthesia start time
(before or after)

Dichotomous Benzo: (0) no benzodiazepines given within 90

minutes of anesthesia start time, (1) benzodiazepines
were given within 90 minutes of anesthesia start time
but no morphine or hydromorphone was given within
an hour of the end of surgery
Raw data below used to calculate Benzo, Opioid and Combo variables
Preoperative benzo
TRU + MAR Dichotomous PreBenzo90: (0) no benzodiazepines given 90 minutes
given only 90 minutes +eMAR
before anesthesia start time, (1) benzodiazepines given
before anesthesia start
90 minutes before anesthesia start time
time*
Intraoperative benzo Anesthesia Dichotomous IntraBenzo90: (0) no benzodiazepines given 90 minutes
given only 90 minutes records
after anesthesia start time, (1) benzodiazepines given
after anesthesia start
90 minutes after anesthesia start time
time*
Opioid strategy
Morphine or
Anesthesia
hydromorphone given records
within an hour of the
end of surgery
Combo strategy

Dichotomous Opioid: (0) no morphine or hydromorphone were given

within an hour of the end of surgery, (1) morphine or
hydromorphone were given but no benzodiazepines
given within 90 minutes before anesthesia start time

A combination of
Calculated
benzodiazepines and
opioid administration

Dichotomous Combo: (1) benzodiazepines given within 90 minutes
before anesthesia start time and morphine or
hydromorphone was given within an hour of the end of
surgery, (0) all other cases
* Raw data that were modified for statistical analysis

Opioid strategy: The administration of morphine or hydromorphone within an
hour of surgical end time was recorded only in the anesthesia records. A dichotomous
variable (Opioid) was created to group cases according to whether any morphine and
hydromorphone had been administered at the end of surgery without administration of
benzodiazepines within 90 minutes of anesthesia start time.
Combo strategy: ((1) benzodiazepines given within 90 minutes before
anesthesia start time and morphine or hydromorphone was given within an hour of the
end of surgery, (0) all other cases. Use of both strategies was reflected by values other
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than zero for both benzodiazepines administered within 90 minutes of anesthesia start
and hydromorphone or morphine at the end of surgery.
3.5.3. Confounding variables
For the purposes of this study, contextual variables guided by the concepts from
the UCSF-SMM (other perioperative pharmacological strategies, health and illness,
environment, and person) were considered as confounding variables because they are
likely to influence postoperative outcomes in trauma patients with tibia fracture with
and without concurrent fibula fracture who undergo major lower extremity orthopedic
surgery within the first 24 hours from admission.
3.5.3.1. Person
Person related variables include three major demographic characteristics:
age, gender, and race (Table 3.7).
Table 3.7: Personal variables
Variables

Source/form
records

Variable
Type

Coding

Age

Hospital electronic face
sheet

Continuous

Age: expressed in number of years at the time
of admission.

Gender

Hospital electronic face
sheet
Hospital electronic face
sheet

Dichotomous

Sex: (0) male (1) female

Dichotomous

Race: (0) White, (1) non-White

Race

Missing electronically extracted personal data were recovered during manual review
of the charts.
Age is a continuous variable. Information about age was obtained from the
face sheet and defined as the length of time in full years a person has lived by the
time of admission, starting at age 18. There were no missing data.
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Gender is a dichotomous variable that is determined in the face sheet records as
a sexual identity. There were no missing data.
Race: This study initially used the ethnicity coding from the hospital electronic
face sheet (White, Black, Hispanic, American Indian, and other). However, racial
categories other than White were significantly underrepresented, and the variable was
recoded as White and non-White. There were no missing data.
3.5.3.2.
Environment
Environmental variables are type and length of intraoperative phase (duration
of anesthesia) and other pharmacological strategies resulting from interdisciplinary
patient- centered care approach (Table 3.8).
Table 3.8: Environmental variables
Variables
Length of
intraoperative
phase
Type of surgery
Acute Pain
Service consult
Patient
Controlled
Analgesia pump
utilization
Duration of
Postanesthesia
Care Unit stay

Source/form and
records
Surgical records

Variable
type
Continuous

Coding

Billing records

Categorical

SxType: (0) intramedullary nailing, (1)
external fixation, (2) other

APS records

Dichotomous

APS: (1) yes, (0) no

APS records and PCA
flow sheets

Dichotomous

PCA: (1) yes, (0) no

PACU records

Continuous

PACUstay: expressed in minutes

IntraPh: expressed in minutes

The data, such as type and duration of anesthesia, are rarely missing because they are
submitted for insurance claims and billing purposes. Isolated tibia fracture–related
surgeries are usually relatively short and are not associated with any major blood loss.
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The majority of patients (91.5%) in the study sample had an estimated blood loss
(EBL) of 400 mL or less with an average EBL of 202 mL. Such blood loss does not
affect intraoperative or postoperative pain management; therefore, data on blood loss
were not included in the final analysis.
Intraoperative phase: A continuous variable (IntraPh) measured in minutes
and calculated by taking the difference between the anesthesia start and end times in
anesthesia records.
Type of surgery: A categorical variable (SxType) coded according to the
common surgical approaches to tibia fracture and related injury: (0) intramedullary
nailing, (1) external fixation, (2) other. Other included a broad spectrum of
surgeries, including open reduction and internal fixation, and surgeries had more
than one of the main approaches. These data were extracted from billing records.
Acute Pain Service consultation: A dichotomous variable (APS) coded as (0)
no Acute Pain Service involvement, and (1) when it was used. APS writes clearly
marked pain management orders. APS consultation may or may not result in PCA
orders. No APS involvement was assumed if no interdisciplinary note mentioned an
APS consult, no consult note was found, and no PCA flow sheet was in the records.
Patient controlled-analgesia: A dichotomous variable (PCA) coded as (0) no
PCA orders for the first 24 postoperative hours (starting from the anesthesia end time
on the anesthesia records), and (1) PCA was used. PCA is a method of relieving acute
postoperative pain using self-administered intermittent boluses of opioids. The PCA
settings are determined by the APS personnel and may or may not be supplemented
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with concurrent use of other opioids and pharmacological adjuvants.
The PACU environment differs from that of the surgical floor in several ways,
such as nurse-to-patient ratio, level of monitoring, and anesthesia providers’
involvement in the pain management. The time of actual discharge from the PACU
was readily available and collected to provide an additional insight into differences in
ratings of the postoperative pain intensity and total postoperative opioid consumption
between these two settings.
Duration of PACU stay is calculated by subtracting the anesthesia end time
from the PACU discharge time written on the PACU records. Duration of PACU stay is
a continuous variable expressed in minutes.
3.5.3.3. Health and illness
In the context of this study, health and illness variables included the ASA
physical status, psychoactive substance use (alcohol and tobacco), preexisting pain,
history of anxiety, depression, type of tibia fracture, and presence of concurrent fibula
or other fractures distal to the femur (Table 3.9).
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Table 3.9: Health and illness variables
Variables

Source/form
and records

Variable
Type

Coding

HEALTH STATUS
ASA physical
Status

Anesthesia records

Categorical

ASA: (1) indicates a previously healthy
patient, (2) is a patient with mild to
moderate systemic disease, (3) is a patient
has severe systemic disease that limits
activity, but is not incapacitating, and (4) is
a patient has severe systemic disease that
limits activity and is a constant threat to life

Initial trauma
Anesthesia + medical
records
Calculated

Dichotomous

CrPain: (0) no, (1) yes

Dichotomous

NegEm: (0) if no past medical history was
negative for both, anxiety and depression,
(1) if a history of anxiety and/or depression
was identified

DISEASE
Chronic pain

Negative
Emotions

Raw data below used to calculate negative emotions
Anxiety

Anesthesia + medical
records

Depression

Dichotomous

Anxiety: (0) no, (1) yes

Dichotomous

Depression: (0) no, (1) yes

INJURY
Raw data below used to calculate tibula and fibula status variables
Concurrent
Surgical records
Categorical
ConcFx: (0) only tibia or fibula was
fractures*
fractured, (1) both bones were fractured
Type of tibia fx

Surgical records

Lower extremity Surgical records
Involvement

Categorical

Dichotomous

TypeFx: (0) open, (1) closed, (2)
combination of fractures, (3) no tibia
fracture
LEFx: (0) unilateral, (1) bilateral

RISK FACTORS: PSYCHOACTIVE SUBSTANCE USE
Intoxication on
Admission

Drug toxicology
screen

Dichotomous

DBAC: (0) blood alcohol content ≤ 80
mg/dL, (1) blood alcohol content > 80 mg/dL

Smoking status

Initial trauma
evaluation + APS+
Anesthesia records +
medical records
Initial trauma
evaluation + APS+
Anesthesia records +
medical records

Dichotomous

Smoking: (0) no, (1) yes

Dichotomous

Other: (0) no psychoactive substance use
other than alcohol and tobacco was
identified (1) was identified

Psychoactive
substance
use other
than
alcohol and
tobacco
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Table 3.9: Health and illness variables (Cont.)
Variables

Source/form
and records

Variable
Type

Coding

ADDITIONAL RISK FACTOR
Pain
intensity
and records
baseline

TRU records

Continuous

PainBase: the first available pain
intensity during transport or on arrival
at TRU (NRS scale)

Assessment of preinjury health data extracted from TRU, anesthesia, medical and APS
records was performed. The type of tibia fracture (open, closed, comminuted, and
displaced) and the presence of concurrent fibula or other distal to femur fractures was
extracted from the surgical records (preferred) or from the hospital electronic face
sheet, based on the 18 different ICD-9 codes (presented in the Table 3.1).
3.5.3.3.1. ASA physical status as an indicator of health status
A patient’s ASA physical status may change before the patient actually
undergoes the procedure, either by patient optimization before surgery or deterioration
that may require surgical correction. The latter is seen in situations with organthreatening injuries and is accompanied by the letter “E” after the ASA status grade.
Ideally, the assignment of an ASA score is based on all accessible information, i.e., all
the parts of the patient’s medical record, patient’s medical history self-report, X-ray
study reportsn and drug screen results. The ASA scale is used preoperatively to
classify physical status with regard to diseases existing before an injury and considers
damage resulting from the injury. However, some important information may be
missing during the first anesthesia visit (reflected in the STC Anesthesiology
Preoperative Evaluation (form 50213, rev. 08/07) but available close to the anesthesia
start time (reflected in the Anesthesia Intraoperative records form EP29, September
2005 revision) and may result in disagreement with the initially assigned ASA status.
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All of the surgeries were considered as emergency surgery for the analysis because
they were performed within the first 24 hours from admission and only patients with
life- threatening injuries were likely to be the cause of surgical delay.
ASA physical status: the ASA score from the anesthesia intraoperative records
was used for the purposes of this study. However, if anesthesia intraoperative records
were missing the ASA rating, then the rating from the STC Anesthesiology
Preoperative Evaluation was recorded.
3.5.3.3.2. Disease and injury
Another approach is to account for preexisting conditions and injury, which are
likely to affect the outcomes, such as preexisting chronic pain, anxiety, and nature of
lower extremity fractures. The STC Initial Trauma Evaluation (form IA 14 rev. 7/05)
includes assessment for preexisting pain conditions (such as arthritis, myalgia, and
migraines) and addresses psychiatric history such as anxiety and depression. However,
there is no specific box on the Anesthesiology Preoperative Evaluation (form 50213,
rev. 08/07) or the APS consultation form for such inquiry. Therefore, such history is
recorded as free text under the past medical history at the provider’s discretion. The
orthopedic discharge summary may or may not contain such information. The
University of Maryland Medical Center Department of Psychiatry Division of Alcohol
& Drug Abuse Substance Abuse Consultation (form CS 2 rev. 4/03) includes a history
of chronic pain, anxiety, and depression as free text.
Chronic pain: Preexisting chronic pain is known to affect the postoperative
pain intensity; thus, a history of chronic pain was included in the analysis as a
covariate. Data on preexisting pain was collected from the initial trauma evaluation on
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admission to the TRU, anesthesia records, and APS documentation. Painful
conditions, such as arthritis, migraines, and lower back pain, were coded as a single
categorical variable (CrPain).
Detailed inquiry about past medical history is not possible for patients who may
require emergency surgery. Therefore, health care providers inquire about preexisting
anxiety in general terms (present or absent) without differentiating between state and
trait anxiety. As a result, the presence of anxiety was coded as a dichotomous variable.
Similarly, the past medical history of trauma patients usually includes depression
without any reference to the type. Therefore, depression was coded as a dichotomous
variable. Bipolar disorder was coded positive for depression because periods of
depression are an essential part of the diagnosis. Because medical free text charting was
focused on abnormal findings, it is assumed that the absence of an anxiety or depression
diagnosis in any of the interdisciplinary notes would be assigned “no.” Only 19 (9.3%)
patients were identified as having a history of anxiety and 25 (12.2%) admitted to
having depression. Some patients had both, and anxiety was correlated with depression
during analysis. Therefore, they were collapsed into new variable, negative emotions.
Negative emotions: A dichotomous variable (NegEm) was coded (0) if no
past medical history was negative for both anxiety and depression, and (1) if a history
of anxiety and/or depression was identified.
Concurrent fracture: A dichotomous variable (ConcFx) was coded (0) if only
the tibia or fibula was fractured, and (1) if both bones were fractured. A large
proportion of concurrent fracture was expected because of anatomical proximity.
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Type of fracture: Type of fractures was divided into three categories: open
(including concurrent comminuted and displaced but excluding closed fractures),
closed (including concurrent comminuted and displaced but excluding open
fractures), and combination (concurrent open and closed fractures). The number of
closed fractures was expected to be higher than open because of the fact that
closed fractures were more common and were less frequently associated with lifethreatening injuries.
Bilateral lower extremity involvement: (LEFx) was a dichotomous variable
and coded as (0) if bones were broken in a single lower extremity and (1) if both lower
extremities contain broken bones. However, lacerations on the second extremity were
not considered because of a high variability in their length and depth and because the
primary focus was on bone fracture. Bilateral fractures were rare (22 cases or 10.8%)
and insufficient for inclusion as a separate variable into statistical analysis. Concurrent
metatarsal fractures, soft tissues injury, and lacerations in addition to tibia and fibula
fracture were common. However, collection of these data was outside of the scope of
the study.
3.5.3.3.3. Risk factors
Limited time before potential emergency surgery or pending preoperative
tests and differences in training resulted in inconsistencies with documentation of the
self-report of alcohol use regarding frequencies, quantities, and time frames.
Postoperative substance abuse consultation had time and expertise for detailed
assessment but was present in only a limited number of cases with a positive drug
screen because of the patient’s refusal. Therefore, alcohol use by self-report was not
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included in the analysis.
Intoxication at admission: A dichotomous variable (DBAC) was coded
according to the definition of intoxication as a blood alcohol content exceeding 0.08%
or 80 mg/dL. Alcohol misuse as a major risk factor for injury is widely recognized, and
in 2006 an American College of Surgeons Committee on Trauma suggested the
screening as a requirement for designation as a level I or II trauma center (MacLeod &
Hungerford, 2010). Compliance with this requirement was high, and blood alcohol
concentration results were missing in only 8 of 201 (4.4%) cases. Drug screen was used
as an objective measure for identification of acute intoxication.
Smoking: A dichotomous variable (Smoking) was coded (0) nonsmokers and
(1) nonspecific positive history of smoking, including remote smoking history (quit).
Nonspecific to amount, smoking status was previously identified as a risk factor for
PONV. Also, clinicians frequently mark smoking history as positive without any
quantitative indicators. Smoking history assessment was based on self-report.
The impact of other psychoactive substances is less studied because of inadequate
toxicology screening and inquiries about drug use (McCabe, 2006; Walsh et al., 2005).
For example, in a large study with almost 10,000 patients, only 30.8% were screened for
substances other than alcohol (Beasley et al., 2014). Therefore, psychoactive substance
use other than alcohol and tobacco was determined primarily by self-report and
complemented by available positive results of toxicology screen.
Other than alcohol and tobacco psychoactive substance use: A
dichotomous variable (Other) was coded (1) nonspecific positive history of
psychoactive substance use other than alcohol and tobacco, including remote use
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(quit); and (0) no use was identified during the chart review.
Bias because of the subjective nature of the postoperative pain self-report can
be diminished with an established baseline, such as the preoperative pain intensity
rating (Vaughn, Wichowski, & Bosworth, 2007). The first choice was to use a pain
rating at the scene of injury. Although most of the records from transport from the
scene of injury documented complaints of pain intensity, ratings were available only
in 74 of 206 (35.9%) cases. The second choice was to use the pain rating on admission
to the TRU (TRU nursing flow sheet, p. 4). However, the pain rating on admission
was excluded from the TRU flow sheet (IA 12) in the October 2008 revision and
contributed to a higher than expected proportion of missing pain ratings. On the other
hand, pain ratings were frequently available within minutes after admission, which
usually coincided with the first opioid administration (TRU nursing flow sheet, p. 3).
Therefore, if the first pain rating on admission (TRU nursing flow sheet, p. 3) was
missing, the ratings of pain intensity on page 4 were substituted.
Baseline pain intensity rating: The pain rating on admission to the TRU was
used as the baseline pain rating. If it was unavailable, the transport pain rating was
used.
3.5.3.4. Other pharmacological strategies
Other pharmacological agents, such as perioperative opioids given at any other
time besides at the end of surgery, intraoperative antiemetics, inhalation agents,
perioperative benzodiazepines, muscle relaxants, antipyretics, anticonvulsants, and
antidepressants, could influence the association between any of the three ARPM
strategies and selected outcomes. Anesthesia records were the source for all
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intraoperative medications administration. The information about all other medication
administration was obtained from the TRU, surgical, and anesthesia records, the MAR,
and APS flow sheets (Table 3.10).
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Table 3.10: Other pharmacological strategies
Raw Data and Variables

Source/form
and records

Variable
type

Coding

OPIOIDS
Total preoperative opioid
Consumption

Calculated

Continuous

TotOpiPre: total morphine equianalgesic
dose in mg given from admission to TRU
to anesthesia start time

Longest opioid gap within
the first 24
postoperative hours

Calculated

Continuous

LOpiGap: duration of the longest single
opioid gap in hours within the first 24
postoperative hours

Raw data below used to calculate total pre- and intra-operative opioid consumption variables
Total preop opioids consumption by individual drug*
Fentanyl

TRU records

Continuous

PreFent[time]: total dose in mcg given from
admission to TRU to anesthesia start time
and time in hhmm format, ranging from
0000 to 2400
2400
PreMorphine
[time]: total dose in mg given
from admission to TRU to anesthesia start
time and time in hhmm format, ranging from
0000 to 2400
PreDilaudid [time]: total dose in mg given
in the first 24 postoperative hours starting
from the end of anesthesia time and time in
hhmm format, ranging for 0000-2400
PreMethadone[time]: total dose in mg
given in the first 24 postoperative hours
starting from the end of anesthesia time and
time in hhmm format, ranging from 0000 to
2400

Morphine

TRU records

Continuous

Hydromorphone

TRU records

Continuous

Methadone

TRU records

Continuous

Calculated

Dichotomous

BenzoPeriop: (0) no preoperative
benzodiazepines were given from
admission and up to 90 minutes before
anesthesia start and (1) benzodiazepines
were given at least once during this
period.

Anesthesia
records

Categorical

N2O: (0) no N2O used at all, (1) N2O
used at least at some time intraoperatively

Anesthesia
records

Categorical

Induction: (0) propofol, (1) thiopental, (2)
other

Calculated

Categorical

Antiemetic: (0) none was given
intraoperatively, (1) any antiemetics
given intraoperatively

BENZODIAZEPINES
Additional preoperative
Benzodiazepines

INHALATION AGENTS
Nitrous oxide
SEDATIVE-HYPNOTICS
Induction agents:
ANTIEMETICS
Intraoperative
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Table 3.10: Other pharmacological strategies (Cont.)
Raw Data and Variables

Source/form
and records

Variable
type

Coding

ADDITIONAL PHARMACOLOGICAL ADJUVANTS
Neostigmine

Anesthesia
records

Dichotomous

Postoperative adjuvant

Neostigmine: (0) no neostigmine given,
(1) neostigmine given
Adjuvant24: (0) no postoperative
adjuvants given at all, (1) at least one
adjuvant given postoperatively

* Raw data that were modified for statistical analysis

3.5.3.4.1. Opioids
Opioids are the cornerstone of perioperative pain management, and their
consumption was measured at each perioperative phase. Total preoperative opioid
consumption could be predictive of postoperative opioid requirements. The total dose
would depend on unique patient requirements and the length of the preoperative
period. The length of the preoperative period could depend on the presence of
concurrent severely injured patients, manpower, and operating room availability. A
new variable, adjusted 24-hour preoperative opioid consumption was created to
compare individual opioid requirements regardless of the length of the preoperative
phase. Initially, opioids given during transportation of injured patients to the STC were
included in the calculation. The amount of opioid administered during transport was
frequently missing in the TRU records and therefore was excluded from the
calculation.
Total preoperative opioid consumption: a calculated continuous variable
(TotOpiPre) accounts for total preoperative opioid consumption. This variable was
calculated after accounting for the total dose and route of each opioid given (fentanyl,
morphine, hydromorphone, oxycodone, and methadone) from admission to the TRU until
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the start of anesthesia time by converting them into intravenous morphine equianalgesic
dose. Opioid consumption calculations using the Advanced Opioid Converter calculator
were previously described in section 3.5.1.2. To standardize the dosing and account for
differences between patients in duration between preoperative time and 24 postoperative
hour total opioid consumption, total preoperative opioid consumption was expressed in
mg of intravenous morphine equivalent in 24 hours. This information was obtained from
the TRU flow sheet, MAR, and eMAR.
The longest opioid gap duration (LOpiGap): a continuous calculated
variable that accounts for the longest opioid gap duration in whole hours experienced
by patients within the entire 24-hour postoperative period. For example, if the patient
experienced one gap up to 2 hours and another gap of 6 hours, then only the 6-hour gap
was recorded. Considering that opioids were given based on the pain assessments,
opioid gaps of 8 hours or less in duration could be clinically relevant and were included
in the statistical analysis. Patients with gaps in excess of 8 hours were excluded from
further analysis because they could not possibly represent a common practice.
3.5.3.4.2. Perioperative benzodiazepines
Trauma patients usually do not receive benzodiazepines during transport to
optimize neurological assessment on admission. Benzodiazepines (most frequently
midazolam) given after admission and up to 90 minutes before anesthesia start time
were usually given to provide anterograde amnesia and could affect postoperative
outcomes. There were five cases of intraoperative benzodiazepines given in addition to
benzodiazepines given within 90 minutes of start anesthesia (Benzo strategy). Such a
small number of cases precluded meaningful statistical analysis. Postoperative
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benzodiazepines could be given for treatment of postoperative anxiety in all patients
and for prevention of alcohol withdrawal in patients with a history of excessive alcohol
and other psychoactive substance use. Because of an insufficient subsample of
excessive alcohol and other psychoactive substance users, these data were not included
in further analysis.
Additional preoperative benzodiazepines: a categorical variable (BenzoPreop)
is a dichotomous variable with (0) no preoperative benzodiazepines given from admission
and up to 90 minutes before anesthesia start and (1) benzodiazepines given at least once
during this period.
3.5.3.4.3. Intraoperative inhalation agents
General anesthesia is usually maintained with a mixture of air or nitrous oxide
and halogenated agent. Three halogenated agents were available during 2006 through
2010: isoflurane, sevoflurane, and desflurane. Given the disproportionate use of
isoflurane (89.2% of cases), it was difficult to differentiate the impact of other
halogenated agents on the outcomes. Therefore, only the impact of N2O on the selected
outcomes was explored. Nitrous oxide use (regardless of the duration) was coded as
present in the mixture.
Nitrous oxide: a dichotomous variable (N2O) was coded (0) if no N2O was used
during the surgery and (1) if N2O was used at any time during the case.
3.5.3.4.4. Sedative hypnotics
General anesthesia at the STC could be induced with inhalation agents or one
of the following intravenous sedative-hypnotics: thiopental, propofol, and etomidate.
Etomidate and inhalation induction had been used in only a small number of cases and
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they were combined together in a single “other” category. Sometimes, more than one
induction agent was given and these cases were coded as other.
Induction: categorical variable (Induction) was coded: (0) propofol, (1)
thiopental, (2) other.
3.5.3.4.5. Intraoperative antiemetics
There are six different perioperative antiemetics choices in the STC:
ondansetron, dolasetron, dexamethasone, metoclopramide, droperidol, and
promethazine. The effects of preoperative antiemetics were not likely to be observed
postoperatively; therefore, only intraoperative antiemetics were included in the data
collection. Selection of antiemetic and timing of administration could affect the
occurrence of PONV. For example, prophylactic administration of serotonin receptor
antagonists (5-HT3), such as ondansetron, and droperidol are most effective when they
are given at the end of surgery, and a single dose may be effective up to 24 hours (Gan et
al., 2003; Habib & Gan, 2010). Intraoperative metoclopramide and promethazine are not
effective for postoperative prophylaxis. A new antiemetic variable (EmeticIntraop) was
created to reflect whether any antiemetics were given intraoperatively.
Antiemetic: a dichotomous variable was coded (0) if no intraoperative
antiemetics were given intraoperatively and (1) if any intraoperative antiemetic had
been administered alone or in combination.
3.5.3.4.6. Additional pharmacological adjuvant
Acetaminophen and NSAIDs, such as ketorolac, were rarely given
preoperatively (1 case) or intraoperatively (6 cases) because of their potential
detrimental effect on bone healing (Jeffcoach et al., 2014; Mathiesen et al., 2014).
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Preoperative anticonvulsant drugs, such as gabapentin and pregabalin, are shown to
reduce postoperative pain ratings, postoperative opioid consumption, and PONV
(Alayed, Alghanaim, Tan, & Xulandi, 2014; Yu, Ran, Li, & Shi, 2013). Interestingly,
they were rarely used preoperatively (1 case). Therefore, only postoperative
pharmacological adjuvant was included in further analysis. Also, postoperative NSAIDs
were present in a few cases. Notes indicated that they were primarily used for
antipyretics properties.
Pharmacological adjuvant: a dichotomous variable (Adjuvant24) was created
but there were no distinctions between postoperative pharmacological adjuvants and
their combinations. It was coded as (0) if no postoperative pharmacological adjuvants
were given and (1) if any postoperative pharmacological adjuvants were given within
the first 24 postoperative hours.
Neostigmine: For this study, use rather than dosage was the focus. Intraoperative
muscle relaxant reversal (Neostigmine) was a dichotomous variable and coded as (0) if no
neostigmine was given and (1) if it was given. Although the actual dose is based on
weight and level of neuromuscular blockade, a dosage impact on the occurrence of
PONV is not clear.
3.6 Human Subjects Concerns
Every research study involving human subjects requires an evaluation that takes
into consideration the risks to the subjects, the adequacy of protection against these risks,
the potential benefits of the research to the subjects and others, and the importance of the
knowledge to be gained. All studies conducted at the University of Maryland School of
Nursing and at the Shock Trauma Center are subject to federal Department of Health and
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Human Services human subject regulations, including the Health Insurance Portability
and Accountability Act (HIPAA). The research was evaluated by three Institutional
Review Boards: School of Nursing (SON), University of Maryland Medical Center
(UMMC) and STC, and STC Nursing Research. The UMMC’s Nursing Research
Committee was notified of the study. The study qualified for expedited review because it
was an analysis of existing patients’ records and did not involve any additional
interventions. In addition, this study addresses acute pain management, a routine clinical
practice for which consent is not normally required outside of research context.
3.6.1. Subject issues
Most of the STC orthopedic surgeries are performed on patients who may be
qualified under one or more categories of potentially vulnerable populations, such as
women of child-bearing potential, emergency room patients, injured patients, and
economically disadvantaged patients. However, the study did not adversely affect the
rights and welfare of the subjects because all interventions had been done before the
data collection as a part of routine patient care, presumably according to the UMMC
and STC policies and guidelines by qualified clinicians. There were no additional
costs, time, efforts, discomfort, or lifestyle modification interventions for participants
of this study. There were no known potential stressors that could be associated with
this analysis of existing clinical data. The benefits of this study were not applicable to
any patients in the study as they had already been treated. The application of the
results of this study has the potential to decrease the frequency of moderate to severe
pain in addition to other adverse outcomes, such as occurrence of PONV, in sober or
acutely intoxicated trauma patients undergoing major orthopedic surgery for tibia
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fracture with or without concurrent fibula fracture.
3.6.2. Subject protection
Data were stored in a password-protected HIPAA-compliant computer. To deidentify data for the statistical analysis, each participant was assigned a consecutive
study number, which was unrelated to any identifiable information such as medical
records number. The list of medical record numbers and related study numbers were
secured in a locked cabinet at a secure location by the principal investigator (PI), Dr.
Storr. All data were recorded in a confidential fashion in a secure database. Only the
author, the PI, and members of the dissertation committee had access to the research
data. The potential risk of the loss or breach of confidentiality was minimized by
entering and storing in a secure location on a HIPAA-compliant computer at the STC.
All existing electronic data were password-protected according to existing institutional
policy. De-identified data were reviewed for completeness by the author (E.V.V.) and
analyzed using IBM SPSS Statistics for Windows standard software, version 21.0.
(Armonk, NY).
3.7 Data Abstraction and Analysis
3.7.1. Data abstraction
There were multiple pages of overlapping documentation on patient care; most
of the information was unstructured or semistructured, which complicated data
collection. In addition, many forms and medication administration records had
changed over time and the information of interest (such as pain ratings on admission
to the TRU) was not available for every time period. Clinically relevant information
(such as patient assessment, including elements of PACU discharge criteria and
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PONV) was frequently unstructured and needed interpretation by an individual with
relevant clinical experience. Even with this experience each chart review took
anywhere from 15 minutes (when an interhospital transfer exclusion criterion was
clearly documented) up to 2.5 hours (when handwriting was difficult to read and
attempts were made to recover missing information).
3.7.2. Exploratory data analysis
Resulting data characteristics were examined using exploratory data analysis
(EDA). Missing values, patterns of missing values, outliers, and probability
distributions were identified.
3.7.2.1. Missing data
The amount of missing data for most variables was relatively low. For example,
opioids and benzodiazepines are controlled substances; therefore, time and dosage of
their administration are frequently audited in patients’ records. Most of the contextual
variables (such as timing for perioperative phases, type of tibia fracture, and
demographics) are used for multiple purposes, such as billing and quality
improvements. Surprisingly, electronic data extraction frequently failed to differentiate
between operating room start time and surgery start time or capture operating room
times at all. Therefore, all electronically extracted intraoperative times were double
checked against anesthesia records (anesthesia start and end times). If the anesthesia
start time was missing in the anesthesia records, then Operating Room Intraoperative
Documentation (form EP30, rev. 05/06) information was sought.
There were multiple missing and irregularly measured pain ratings in the
nursing documentation (TRU, PACU, and nursing floor documentation) even when
106

considerable amounts of opioids were given. Electronic medication administration
records (eMARs) began in 2007, and documentation of opioid administration
required pain rating input before and after medication administration. Frequently
only a single pain rating was recorded (to justify the administration of medications),
and furthermore the notes did not indicate whether the pain was assessed when at
rest or with movement. Postmedication pain assessment documentation (rating
and/or timing) was frequently missing. Considering that comparison of efficacy of
individual opioids was beyond the scope of the study and that inconsistencies in the
timing of postmedication pain measurements and a large amount of missing data
existed, only premedication pain ratings at rest were collected.
3.7.2.2. Outliers and distribution
Outliers were identified either through visual inspection of histograms, boxplots,
or frequency distributions. Values within the clinically possible range were left
unchanged. However, outlier values beyond the clinically possible range were replaced
with the next nearest value in the range of clinical values or excluded from the analysis,
depending on the amount of extreme outliers exceeding 5% of all available values.
According to Field (2005, p. 72), in a sample of 200 and more, the shape of distribution
in combination with skewness and kurtosis statistics is more informative: highly skewed
or kurtotic variables can distort relationships and significance tests. The skewness and
kurtosis between –1 and +1 is the criteria of normality. Continuous variables with
nonnormal distribution were examined and winsorized for all variables with a small
number of outliers (<5). Log transformation or nonparametric methods were applied on
other continuous variables with nonnormal distribution. Variables with multiple
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categories (such as type of surgery) were collapsed to achieve a balanced distribution
and to provide sufficiently large cell counts for adequate statistical power in the chisquare test. Fisher’s exact test was used when no more than 20% of expected counts
were less than or equal to five and all individual expected counts were one or greater
(such as ASA physical status).
3.7.3. Data analytic approaches
In nonrandomized studies, treatment effectiveness is frequently masked by
confounding variables. To control the influence of confounding variables and reveal
the effects of ARPM strategies, linear regression and logistic regression were
employed. The impact of ARPM strategies on the course of postoperative pain was
examined with a mixed effects model. Mixed effects model with patient-level random
effects was selected since growth analysis was congruent with the UCSF-SMM,
which advocated for repeated assessments and provided contextual variables as
covariates that were likely to improve model fit and to reduce unexplained within
subjects variance. In other words, growth curve parameters (i.e., intercept and slope)
were used as predictors of subsequent pain measurements, which were not feasible in
a regression framework. The postoperative pain trajectories quantified resolution of
pain as a function of time. The intercept of the corresponding equation estimated the
individual pain intensity at admission to the PACU; the slope estimated the amount
and direction of change across the repeated measurements during the first 24
postoperative hours. Both intercepts and slopes were statistically modeled as varying
across individuals (i.e., as random effects).
Test for underlying assumptions and corrections for the violation of
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assumptions were done before all analyses. Histograms were evaluated to check the
assumptions of normality for the selected variables. Tests for equality of variances were
applied for all analyses, as indicated. Models with multiple predictors are at risk for
multicolinearity (high correlation between predictors, r ≥ .9), inflates standard error of
coefficients, and potentially presents significant predictors as insignificant (may lead to
null findings). Collinearity was detected with the variance inflation factors (VIF) with a
value ≥ 10 (Pallant, 2010). Because sample size could not be increased (to decrease
standard error statistically) and interaction terms were not tested (another way to
include both variables on theoretical grounds), the most intercorrelated variable was
removed from the model.
Multiple predictors may have a simultaneous effect on the outcome of interest
(such as effects using nitrous oxide as a component of general anesthesia in females on
occurrence of PONV). The resulting effect (interaction) depends on the magnitude and
direction of each variable effect. The multiplicative interaction regression models can
greatly improve the understanding of the associations between variables, especially with
a curved (nonlinear) relationship. However, considering possible interactions was
impractical because of the drastic increase in the number of variables and resulting
sample size requirements. Also, multiplicative interaction models are uncommon in
anesthesia research (Guglielminotti, Dechartres, Mentre, Montrayers, Longrois, &
Laouenan, 2014) because interactions lessen parsimony and may be difficult to interpret
for clinical practice. Statistically, omission of a necessary interaction term from the
regression model results in missing or underestimation of some clinically significant
associations. In other words, a Type II error is likely to be larger because of leaving a
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necessary interaction term out of the model.
For intergroup comparisons, the distribution of the continuous data was first
evaluated for normality using the Shapiro-Wilk test. Normally distributed data were
presented as mean ± SD. Groups were compared using ANOVA and a post hoc
Tukey test. The nonnormally distributed data were expressed as medians and were
analyzed using the Kruskal-Wallis test with Bonferroni’s correction. Descriptive
variables were presented as n (%) and analyzed using the chi-square test or Fisher’s
exact test, as appropriate. Two-sided tests and 0.05 significance levels were used
throughout. Most of the baseline comparisons of variables between the ARPM
strategies and the control group were analyzed using chi-square test and ANOVA. All
analysis was performed using IBM SPSS Statistics for Windows, Version 21.0.
(Armonk, NY).
3.7.4. Hypotheses testing
The first step in testing the hypotheses was to establish whether a strategy of
interest affected the selected outcomes (Aim 1) and then examined whether the
relationship remained in the presence of other covariates (Aim 2). The outcomes for
each hypothesis were Total, TimePACU, PONV24, and pain intensity for the first 24
postoperative hours.
Aim 1/Hypothesis 1. Each of the three ARPM strategies, relative to cases when
these strategies are not used (Reference), is significantly associated with hourly
average ratings of postoperative pain intensity, average total opioid
consumption, time required to achieve PACU discharge criteria, and the
occurrence of PONV in the first 24 postoperative hours.
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The mixed effects model was used to analyze the association between ratings of
postoperative pain intensity in the first 24 hours and pain management strategies.
Because each patient had multiple pain ratings, the common linear model was not
suitable. The mixed effects model expands the general linear model so that the data are
permitted to exhibit correlated variability. To analyze the association in the 24 hours,
terms for hour and hour-squared were included in the model depending on the pattern
of pain rating in the 24 hours (linear or quadratic). An intraclass correlation coefficient
(ICC) was calculated to confirm the amount of dependence within the patient rating of
pain. The independent variable, ARPM strategy, was recoded as three dummy
variables: Benzo (Yes -1, No-0), Opioid (Yes -1, No-0), and Combo (Yes -1, No-0). A
strategy is significantly different from the Reference group if the t test is significant at
the level of 5%.
The association between pain management strategies and continuous outcomes
(total opioid consumption and time required to achieve PACU discharge criteria) was
explored with simple linear regression. Dummy variables Benzo, Opioid, and Combo
strategies were used as predictors for each analysis. An F test of the joint significance of
the dummy variables using a significance level of 5% was used first to establish
whether there was any evidence of differences in outcomes across the three pain
management strategies. If the null hypothesis was rejected, the t statistics on Benzo,
Opioid, and Combo was used to determine whether each of those produces significantly
different outcomes as compared the use of no ARPM strategy (Reference). In addition,
pairwise tests of the equality of the Benzo, Opioid, and Combo coefficients (using F
tests) were used to determine whether the effects of Benzo, Opioid, and Combo were
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the same as each other. Finally, and assuming at least some statistically significant
differences, the coefficients on the dummy variables were used to interpret the effect
sizes. Each coefficient was interpreted as the change in outcome attributable to the
particular pain strategy relative to the outcome produced by the use of no ARPM
strategy (Reference). Beta estimates provided the direction and strength of the
relationship.
Logistic regression was used to predict occurrence of PONV. If postoperative
antiemetic was administered at least once then it was assumed that PONV was
experienced and treated at least once. Absence of documented antiemetic administration
was coded as (0) and all other cases were coded as (1). The Omnibus Test of Model
Coefficients for Block 1 with ARPM as a single predictor was used to assess whether
use of the strategies produce significantly different outcomes as compared with
Reference. If some statistically significant difference was detected then the Wald test
with a significance level of 5% was used to determine which strategy made a significant
contribution. The odds ratio (OR) was used to identify the change in odds of occurrence
attributable to the particular pain strategy relative to the outcome produced by the use of
no ARPM strategy (Reference).
Multiple regression allows covariates to be entered into the equation, namely
relevant pharmacological adjuvants and the variables from the core nursing conceptdomains (person, environment, and health and illness). The addition of these variables
could strengthen or weaken the effect of the pain management strategy. There is no
consensus on the gold standard for selection of explanatory variables in the analysis
(Iminotti et al., 2014). Pearson’s bivariate correlation was used to identify potential
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covariates from the set of variables. Variables whose bivariate test demonstrated a
probability value of <0.20 were considered as candidates for inclusion (Hosmer &
Lemeshow, 2000). Considerations were also given to variables that did not meet this
cutoff, but were deemed to be clinically significant (Hosmer & Lemeshow, 2000).
However, purposeful inclusion of all variables in the model was limited by the sample
size. Therefore, the results of the Wald test for individual parameters were examined,
and covariates that did not meet a probability value of less than 0.1 were removed to
achieve model stability. It is important to note that with the small sample size, wide
confidence intervals were expected. Also, because of the limited sample size,
interactions were not tested.
Aim2/Hypothesis 2.1. The relationships of each of the three ARPM strategies
with
postoperative outcomes remain after taking into account personal variables.
A mixed effects model was used to test hypothesis 2.1 with ratings of the
postoperative pain intensity. Dummy variables representing ARPM strategies were
entered first. Then, personal variables that satisfied the conditions were entered
in the model. The estimated coefficients were used to compare contributions of each
variable.
Linear regression was used to test hypothesis 2.1 with total opioid
consumption and time required to achieve PACU discharge criteria (continuous
outcome variables). Dummy variables representing ARPM strategies were entered
first. Then, personal variables that satisfied the conditions were entered as a block, to
see whether ARPM strategies were still able to explain some of the remaining
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variance in the outcomes, thus statistically controlling for the personal variables.
Males were the reference category for gender and whites for race. Change in adjusted
R square was reported because of the relatively small sample size. The unstandardized
beta coefficients were used to compare the contributions of each contextual variable.
Logistic regression was used to test hypothesis 2.1 with occurrence of PONV as
a dichotomous outcome variable. Absence of documented postoperative antiemetic
administration (as a surrogate for absence of PONV) was coded as reference category.
ARPM strategies were entered first (none as the reference category). Then, personal
variables that satisfied the conditions were entered as a block, to see whether ARPM
strategies were still able to explain some of the remaining variance in the outcomes,
thus statistically controlling for the personal variables. Males were the reference
category for gender and whites for race. Model performance was evaluated with the
Omnibus Test of Model Coefficients (significance value < 0.05 was sought) and
Hosmer-Lemeshow goodness of fit test (significance value > 0.05 was sought). The
Nagelkerke R square values provided an indication of the amount of variation in the
outcomes explained by the model. The block 2 Classification table provided the
assessment of improvement achieved with the inclusion of personal valuables and
APRM strategies. The Wald test was used to evaluate the unique contribution of each
variable. The Exp (B) represents the odds of experiencing PONV as compared with the
odds of not experiencing this distressing symptom. The strategy was more beneficial
(no PONV reported) than Reference if the OR < 1.0 and Reference was more beneficial
if the OR > 1. Because of the relatively small sample size, wide confidence intervals
were expected.
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Aim2/Hypothesis 2.2. The relationships of each of the three ARPM strategies
with postoperative outcomes remain after taking into account environmental
variables.
Aim2/Hypothesis 2.3. The relationships of each of the three ARPM strategies
with postoperative outcomes remain after taking into account health and illness
variables.
Hypotheses 2.2 and 2.3 were evaluated similarly to the strategy just described
for hypothesis 2.1 except environmental and health and illness characteristics replaced
patient characteristics for 2.2 and 2.3, respectively. Because other pharmacological
strategies are known to affect the selected outcomes but were not part of the
hypotheses, they were added as covariates to the final model among other covariates.
Then the attention of the study was to examine more closely whether alcohol
intoxication on admission influences the relationship of ARPM strategies with
postoperative outcomes. A set of analyses was repeated for the objective assessment of
alcohol use by the results of toxicology screen. For hypotheses 3.1 and 3.2, patients
who did not receive ARPM strategy (Reference) were excluded from the analysis.
Aim3/Hypothesis 3.1Patients intoxicated at admission will report statistically
different hourly average ratings of postoperative pain intensity, average total
opioid consumption time to achieve PACU discharge criteria and occurrence of
PONV in the first 24 postoperative hours as compared with patients who are not
intoxicated.
To test hypothesis 3.1, independent samples t tests were used to assess the
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difference in the continuous outcomes (total opioid consumption and time required to
achieve PACU discharge criteria) between patients who were intoxicated at
admission and those who were sober. Chi-square tests for independence were used
for testing the difference in the categorical outcome (PONV). Because postoperative
pain rating was measured repeatedly in 24 hours, the mixed effects models were used
to analyze the effect of alcohol intoxication on this outcome. Since hypotheses for
Aim 3 concentrated only on the differences in outcomes between intoxicated and
sober at admission patients, there were no comparisons among the ARPM strategies
groups (previously addressed by Aims 1 and 2).
Aim3/Hypothesis 3.2 Among patients administered each of three ARPM
strategies, those who are acutely intoxicated at admission report statistically
different hourly average ratings of postoperative pain intensity, average total
opioid consumption, time to achieve PACU discharge criteria and PONV in
the first 24 postoperative hours as compared with patients who are not.
.
Differences in the selected outcomes between patients who were and who
were not intoxicated at admission were compared within each of the three ARPM
pain strategy subgroups. Chi-square tests were used for the categorical outcome
(PONV). Independent samples t tests were used for continuous outcomes (total
opioid consumption and time required to achieve PACU discharge criteria). Mixed
effects model was used for postoperative pain rating. There were no comparisons
among the ARPM strategies groups (previously addressed by Aims 1 and 2).
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CHAPTER 4
RESULTS
In this chapter the findings of this study are presented. Exploratory data analysis
(EDA) was used to maximize insight into the dataset, extract important variables
(covariates), and examine characteristics of the sample, missing values, outliers, and the
normality of variable distributions. Building on these findings, the analyses then turned
to inferential statistics to explore relationships. Multiple regression or logistic regression
models explored whether any significant relationships between the various pain
strategies and outcomes remained once other covariates were held constant.
4.1 Characteristics of the Sample
The age of the sample of 206 patients ranged from 18 to 93 with an average
age of 42.2 (SD ±17.8) years. The distribution of age could be considered as normal
given that skewness and kurtosis were 0.641 and –0.173, respectively. Approximately
every third trauma victim (34.5%) was a young adult (18–30 years old), and older
adults (age 65 or older) accounted for only 10% of the sample. Two thirds of the
sample were men (142, or 68.9%) and they were significantly younger in age than the
women in this sample (average age for women was 49 ± 21 years compared with 39 ±
15 years for men; t(204) = –3.2, p = 0.02). Most of the sample was white (114, or
55.3%). Black (76, or 36.9%) and other minority groups (such as Hispanics, American
Indians, and other, 7.8%) accounted for the other 44.7% of the sample. Whites were
significantly older (average age, 45 ± 19 years) than nonwhites (39 ± 16 years), t(204)
= 2.6, p = 0.09. In general, the younger patients in this sample were predominantly
nonwhite men, whereas the older patients were mostly white women.
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4.2 Anesthesia Related Pain Management Strategies
Anesthesia-related pain management strategies were used on a majority of
patients in the sample (172 or 83.9%). Anesthesia providers frequently gave
benzodiazepines to patients within 90 minutes of the anesthesia start time (62.3%, n =
128, Benzo and Combo strategies). Slightly more than half of the patients received
longer-acting opioids (such as morphine and hydromorphone) before the end of surgery
(110 patients, or 53.7%). Only 33 patients (16.1%) did not receive any benzodiazepines
within 90 minutes of the anesthesia start time or longer-acting opioids at the end of
surgery. A comparison of the demographic characteristics of patients demonstrated no
statistically significant difference in gender, race, or age among ARPM strategy groups
(Table 4.1).
Table 4.1: Sample personal characteristics (n, % or mean±SD) overall and by
pain management strategy*
Variable
Gender:
Male
Female
Race:
White
Non-white
Age (years)

Sample
(N = 206)

Reference Benzo
(n = 33) (n = 62)

Opioid
(n = 44)

Combo
(n = 67)

142 (68.9)
64 (31.1)

23 (69.7)
10 (30.3)

47 (75.8)
15 (24.2)

29 (65.9)
15 (34.1)

43 (64.2)
24 (35.8)

114(55.3)
92 (44.7)

21 (63.6)
12 (36.4)

37 (59.7)
25 (40.3)

23 (52.3)
21 (47.7)

33 (49.3)
34 (50.7)

42.2 ± 17.8

48 ± 20

42 ± 18

45 ± 18

38 ± 16

p-value
0.521
0.473

0.072

*Reference: no ARPM strategy used; Benzo strategy: administration of benzodiazepines within 90 minutes of
anesthesia start time; Opioid strategy: administration of morphine or hydromorphone at the end of surgery; Combo
strategy: a combination of Benzo and Opioid strategies.

In summary, in later analyses when we held additional covariates constant, age was
considered as a potential personal confounder. Race and gender were retained on
theoretical grounds.
4.3 Environmental Characteristics
The most common type of surgery was the intramedullary nail technique
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(50.2%), followed by external fixation (22.4%). Surgery times ranged from 15 minutes
to 7.5 hours (441 minutes) depending on the fracture complexity. The average surgery
duration was 148 (±64) minutes or approximately 2.5 hours. Two outliers (438 and 441
minutes), although within a reasonable clinical range, were winsorized to the next
available value of 355 minutes. After winsorization, the distribution could be
considered as normal given that the skewness and kurtosis were 0.977 and 1.207,
respectively. The intraoperative phase (duration of anesthesia) had two outliers (550
and 528 minutes), which were winsorized to the next available value of 417 minutes.
Otherwise, the intraoperative phase ranged from 82 to 417 minutes, with an average
duration of 215 (±67) minutes. After winsorization, the distribution could be considered
as normal given that the skewness was 0.790 and kurtosis was 0.648. The preoperative
phase ranged from 63 to 1802 minutes, with a mean of 524 (±322) minutes. The
distribution was normal given that the skewness was 0.973 and kurtosis was 0.605. APS
evaluated 55 (26.8%) patients, and 43 (78.2%) of these patients received intravenous
PCA as part of their postoperative pain management.
There were no statistically significant differences in preoperative intubation in
the TRU, type of surgery, duration of surgery, or duration of preoperative or
intraoperative phases among the ARPM groups (Table 4.2).
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Table 4.2: Baseline environmental characteristics (n, % or means ± SD) overall and
by pain management strategy*

Variable
Type of surgery:
Intramedullary nail
External fixation
Other
Preoperative phase
(min)
Anesthesia
duration (min)
Intubated in TRU

Sample
(N = 206)

Reference
(n = 33)

Benzo
strategy
(n = 62)

Opioid
strategy
(n = 44)

Combo
strategy (n
= 67)

103 (50.2)
46 (22.4)
56 (27.3)

16 (48.5)
8 (24.2)
9 (27.3)

35 (56.5)
13 (21.0)
14 (22.6)

21 (47.7)
12 (27.3)
11 (25.0)

16 (48.5)
8 (24.2)
9 (27.3)

523 ± 321

468 ± 389

548 ± 334

562 ± 286

504 ± 298

p value

0.847

0.533

214.8 ± 66.9 212.6 ± 72.6 207.0 ± 66.1

225.3 ± 70.1 216.3 ± 63.1

0.575

30 (15)

7 (21.9)

7 (11.5)

8 (18.2)

8 (15.0)

0.484

Acute Pain Service
55 (26.8)
used

12 (36.4)

11 (18.0)

15 (34.1)

17 (25.4)

0.161

43 (21.0)

11 (33.3)

9 (14.8)

11 (25.0)

12 (17.9)

0.156

Patient-controlled
analgesia used

*Reference: no ARPM strategy used; Benzo strategy: administration of benzodiazepines within 90 minutes of
anesthesia start time; Opioid strategy: administration of morphine or hydromorphone at the end of surgery;
Combo strategy: a combination of Benzo and Opioid strategies.

The proportion of patients in the APRM Benzo strategy group who used PCA
for postoperative pain management was less than half that of the Reference group, but
the difference was not significant, χ2 (3, n = 205) = 5.27, p = 0.153. Interestingly, the
chi- square test for independence (with Yates continuity correction) indicated a
significant association between preoperative intubation in the TRU and the need for
APS evaluation, χ2 (1, n = 200) = 5.42, p = 0.005, phi = 0.18 (small effect).
In summary, in later analyses when we held additional covariates constant,
preoperative intubation, anesthesia duration, and PCA utilization were considered as
potential environmental confounders. Understandably, APS consultations were highly
correlated with PCA utilization (r = 0.852, n = 205, p < 0.01), and duration of surgery
was highly correlated with duration of anesthesia (r = 0.964, n = 204, p < 0.001).
Therefore, APS and duration of surgery were excluded from further analysis.
120

Anesthesia duration was retained based on theoretical grounds.
4.4 Health and Illness characteristics
4.4.1. Comorbidities
The sample consisted of mostly relatively healthy patients who were classified
as ASA I (healthy person) and ASA II (mild systemic disease). The majority of
patients were classified as ASA II or IIE (96 and 30, respectively, for a total of 126
cases, or 62.1%), followed by ASA IA and IE (25 and 14, respectively, for a total of
39, or 19.2%). Because only 3 of the patients who met inclusion and exclusion criteria
were classified as ASA IV (n = 2) or ASA V (n = 1), they were combined with the
ASA III and ASA IIIE patients for a total of 38 cases (18.7%) in the category of ASA
III or above. Fisher’s exact test showed that the relationship between ARPM strategies
and ASA physical status was close but did not reach statistical significance (p =
0.105).
Only 23 patients (11.4%) had a history of preexisting chronic pain. Severe pain
(>6 on the NRS) on admission (baseline pain) was documented in 71% of the cases, with
a median pain rating of 9 on the NRS. There were 13 (7.1%) missing baseline pain
ratings. Three of these patients were intubated in the TRU shortly after admission to
facilitate immobility during diagnostic procedures. Assigning the average pain rating of
nonintubated patients to these intubated patients was suboptimal because 10 (5.5%)
nonintubated patients (capable of self-reporting) would not have a baseline pain rating.
Therefore, missing data were excluded from the analysis of postoperative pain ratings.
The baseline pain distribution was not normal, given a skewness of –1.9383 and a
kurtosis of 1.022. The Kruskal-Wallis H test was used to test for differences in the pain
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scores. A statistical difference in baseline pain scores between ARPM strategies was
found: χ2 (3, n = 193) = 10.89, p = 0.012, with a mean rank pain score of 116.7 for the
Reference group (median, 10), 81.7 for the Benzo strategy (median, 8), 92.7 for the
Opioid strategy (median, 9), and 104.4 for the Combo strategy (median, 10). As seen in
Table 4.3, results from the Mann-Whitney U test demonstrated that the median baseline
pain rating was significantly lower in the Benzo strategy group in comparison with the
Reference group (U = 573.5, p = 0.004) and the Combo strategy (U = 1462.5, p = 0.016).
Table 4.3: Baseline health and illness characteristics (n, %) overall and by pain
management strategy*
Variable
Health status:**
ASA I
ASA II
ASA III or more

Sample
(N = 206)

Benzo
Reference strategy
(n = 33) (n = 62)

Opioid
strategy
(n = 44)

Combo
strategy
(n = 67)

p
value
0.105

39 (19.2)
126 (62.1)
38 (18.7)

3 (9.7)
17 (54.8)
11 (35.5)

11 (18.9)
40 (65.6)
10 (16.4)

8 (18.2)
26 (59.1)
10 (22.7)

17 (25.4)
43 (64.2)
7 (10.4)

Chronic pain:

23 (11.4)

3 (9.1)

6 (10.0)

6 (13.6)

8 (12.1)

0.774

Baseline pain
(median)

9

10

8

9

10

0.012

38 (18.5)

6 (18.2)

17 (27.4)

9 (20.5)

6 (9.1)

0.059

Intoxication:
Yes
No
Unknown

37 (18.0)
161 (78.2)
8 (3.8%)

4 (12.1)
27 (81.8)
2 (6.1)

8 (22.7)
34 (77.3)
2 (4.5)

15 (22.4)
49 (73.1)
3 (4.5)

Tobacco use

91 (44.2)

Negative emotions

Other psychoactive
substance use
Concurrent tibia
fracture:
Type of tibia
fracture:
Open
Closed
Combination

0.621

57 (27.7)
166 (80.6)

10 (16.1)
51 (82.3)
1 (1.6)

11 (33.3)
8 (24.2)

28 (45.2)
17 (27.4)

26 (78.8)

50 (80.6)

23 (52.3)
16 (36.4)
36 (81.8)

29 (43.3)
16 (23.9)
53 (80.3)

0.431
0.526
0.896
0.541

89 (43.2)
91 (44.2)
26 (12.6)

18 (54.5)
10 (30.3)
5 (15.2)

29 (46.8)
25 (40.3)
8 (12.9)

18 (40.9)
21 (47.7)
5 (11.4)

24 (35.8)
35 (52.2)
8 (11.9)

*Reference: no ARPM strategy used, Benzo strategy: administration of benzodiazepines within 90 minutes of
Reference: no ARPM strategy used; Benzo strategy: administration of benzodiazepines within 90 minutes of
anesthesia start time; Opioid strategy: administration of morphine or hydromorphone at the end of surgery; Combo
strategy: a combination of Benzo and Opioid strategies. **ASA: American Society of Anesthesiologists physical
status.
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Relatively small sample sizes possibly prevented identification of negative
emotions (such as depression and anxiety) as an influential factor in choosing the
particular ARPM strategy. The chi-square test for independence approached statistical
significance for an association between negative emotions and ARPM strategy, χ2 (3, n
= 206) = 7.45, p = 0.059. It appears that preexisting history of negative emotions was
more frequently addressed by the Benzo strategy and least frequently with the Combo
strategy.
Among the 198 toxicology screen results, 37 (18.7%) were positive for
intoxication (BAC > 80 mg/dL on admission), 160 (78.0%) were negative, and 8
(3.9%) cases had missing results. The majority of patients (115, or 56.1%) denied
tobacco use, and smokers were evenly distributed across the ARPM strategies.
Psychoactive substance use other than alcohol and tobacco was identified in 57 (27.7%)
patients, and there were no differences by ARPM strategy.
4.4.2. Injury
Most of the sample (92.3%) sustained their tibia fracture as a result of blunt
trauma versus penetrating and crush injuries (7 cases each). The majority of blunt
trauma was a result of a motor vehicle accident (63 cases, or 34.6%). Accidental falls
(35 cases, or 19.2%) and pedestrian injury (struck by a vehicle; 34 cases, or 18.7%)
were also commonly listed as the cause of injury. Penetrating and crush injuries
accounted for only a total of 14 cases (7.7%). Based on the data, typical isolated
unilateral tibia fracture was concurrent with fibula fractures and a result of blunt
trauma. Concurrent tibia and fibula fractures are very common, and the majority of
fractures (166 cases, or 80.6%) involved both bones. Open fractures and closed
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fractures were equally common (89 open fractures, or 43.2%, and 91 closed fractures,
or 44.2%), and a smaller proportion of 26 cases (12.6%) was a complex combination of
open and closed fractures. There were no statistically significant differences in the type
of tibia fracture or concurrent tibia and fibula fractures found among the ARPM groups
(Table 4.3).
In summary, in later analyses when we held additional covariates constant,
ASA physical status, baseline pain, and negative emotions were considered as a
potential confounder. Tobacco use was retained on theoretical grounds.
4.5 Preoperative and Perioperative Factors
4.5.1. Preoperative pain control
Examination of the preoperative phase variables provided additional insight
into the sample characteristics. There was a strong negative correlation between the
duration of the preoperative phase and total preoperative opioid consumption (adjusted
to a 24-hour period), r = –0.526, n = 205, p < 0.01; higher opioid doses were given to
patients who were taken to the operating room faster. In turn, there was a significant
difference in need for postoperative APS consultation between patients who had
relatively high total preoperative opioid consumption, 287 mg/24 hours (±128) mg, and
relatively low total preoperative opioid consumption, 231 (±125) mg, t (202) = 0.11, p
= 0.005 (two-tailed). In addition, there was a significant difference in need for
preoperative intubation between patients who received relatively high total
preoperative opioid doses, 295 (±98) mg, and those who received relatively low doses,
233 (±131) mg, t (200) = 3.03, p = 0.004 (two-tailed). Based on these data, patients
with relatively high preoperative opioid requirements (on average, 287 to 295 mg of
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morphine over 24 hours) were 1) intubated preoperatively significantly more often, 2)
taken to the operating room significantly faster, and 3) referred significantly more often
to the APS in comparison with patients with relatively low preoperative opioid
requirements (231 to 233 mg of morphine over 24 hours).
4.5.2. Other pharmacological interventions
4.5.2.1 Additional anxiolytics
According to the preoperative records, TRU personnel (but not the STC floor
nurses) frequently administered midazolam (with the exception of elderly patients).
The majority of patients (114 of 205, or 55.9%) received additional anxiolytics during
the preoperative phase. Patients in the Opioid strategy subgroup had the highest
frequency of additional benzodiazepines, which could explain the reasoning behind
exclusion of benzodiazepines within 90 minutes of anesthesia start. The difference in
selection of ARPM strategies and administration of additional preoperative
benzodiazepines approached statistical significance, χ2 (3, n = 205) = 5.10, p = 0.165.
4.5.2.2. Preoperative opioids
Opioids given during transport from the site of injury to the STC (the earliest
point of acute pain management) were likely to influence the preoperative pain rating and
total postoperative opioid consumption. Overall, more than half of trauma patients (82
known cases of 136, or 60.3%) did not received any pain medications during their
transport from the injury site to the hospital. Deficiencies in prehospital pain
management, including documentation, are well known (Brown et al., 2014) but were
beyond the scope of the study. Preoperative opioid requirements had one outlier, 864 mg
of morphine over 24 hours, which was winsorized to the next available value of 666 mg.
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The three lowest doses in the sample (4, 10, and 24 mg) could have various explanations,
such as neuropathy, shock, or acute intoxication, thus they were left unchanged.
Preoperative opioid consumption ranged from 0 to 666 mg with a mean of 245.3 (±128.7)
mg. Its distribution could be considered as normal given that the skewness and kurtosis
were 0.698 and 0.495, respectively. There was no statistically significant difference
among the ARPM groups in transport opioids, total preoperative opioid consumption
(adjusted to a 24-hour period), and postoperative pharmacological adjuvants.
Based on the average duration of action, postoperative opioids were
administered inconsistently as evidenced by a high proportion of opioid gaps—in other
words, zero opioids in the body (see Table 4.4).
Table 4.4.: Hourly number of patient with opioid gaps

Although the first 2 hours could be covered by opioids given at the end of surgery,
8.7% to 16.5% of patients had zero opioids in the body for at least an hour during the
remaining 22 hours. Overall, 90 patients (43.7%) had at least one opioid gap during
these 22 hours. The majority (93.0%) of the analgesic gaps were 8 hours or less in
duration, and 36.6% lasted only 1 hour at the time. Given the large proportion of
missing pain ratings, the analysis explored whether the duration of opioid gaps varied
among pain strategies. A Kruskal-Wallis test showed no significant difference in
duration of opioid gaps among APRM strategies.
4.5.2.3. Sedative hypnotics
As expected, propofol and thiopental were used frequently, 57.3% and 26.7%
	
  

126	
  

of all cases, respectively. Some patients received both. Interestingly, among patients
who received propofol (a known antiemetic) 81 (71.1%) were not given nauseaprovoking N2O, 89 (78.1%) were given at least one intraoperative antiemetic, and only
40 (35.1%) received PONV-provoking neostigmine. This approach appeared to be
specifically targeted for PONV prevention. Intraoperative antiemetics were given to
123 (61.2%) patients.
4.5.2.4. Adjuvants
Postoperative selection of pharmacological adjuvant had a lot of variation yet
insufficient data for meaningful grouping. Therefore, the categorical variable was
recoded into a dichotomous variable to represent yes/no use rather than what type of
use. For example, aspirin (NSAID) and Tylenol were frequently given for reasons
other than pain management, e.g., anticoagulation and antipyretic effects.
Pharmacological adjuvants (such as NSAIDs, anticonvulsants, and muscle relaxants) as
an integral part of postoperative pain management were predominantly ordered by the
APS: the chi-square test for independence (with Yates continuity correction) indicated
a significant association between APS and using postoperative pharmacological
adjuvants, χ2 (1, n = 204) = 10.36, p = 0.001, phi = 0.24 (medium effect).
4.5.2.5. Inhalation agents and antiemetics
The chi-square test for independence indicated a significant association between
nitrous oxide and choice of anesthesia-related strategy, χ2 (3, n = 206) = 9.40, p =
0.028, Cramer’s V = 0.21 (medium effect size), and between administration of
intraoperative antiemetics and choice of anesthesia-related strategy, χ2 (3, n = 206) =
13.29, p = 0.004, Cramer’s V = 0.26 (medium effect size). On other hand, the chi	
  

127	
  

square test for independence indicated a significant association between administration
of intraoperative antiemetics and nitrous oxide use, χ2 (1, n = 205) = 7.43, p = 0.010,
and between administration of intraoperative antiemetics and neostigmine
administration, χ2 (1, n = 198) = 4.57, p = 0.023. In addition, the chi-square test for
independence indicated a significant association between administration of
intraoperative antiemetics and choice of induction agent, χ2 (1, n = 205) = 7.65, p =
0.009. The administration of additional preoperative benzodiazepines by ARPM was
not significant, χ2 (3, n = 205) = 5.10, p = 0.165 (Table 4.5).
Table 4.5: Baseline pharmacological characteristics (n, % or means ± SD) overall and
by pain management strategy*
Sample
(N = 206)

Variable
Total preop
opioids

245 ± 128

Nitrous oxide used

69 (34.7)

Intraoperative
antiemetic
127 (62.0)
administered
Additional benzos
preop given
91 (44.4)

Reference
(n = 33)

Benzo
strategy
(n = 62)

Opioid
strategy
(n = 44)

Combo
strategy
(n = 67)

p value

234 ± 141

252 ±138

227 ± 108

255 ± 127

0.533

11 (33.3)

13 (21.0)

16 (39.0)

29 (46.0)

0.028

12 (36.4)

46 (74.2)

26 (60.5)

43 (64.2)

0.004

13 (39.4)

24 (38.7)

26 (59.1)

28 (42.4)

0.165

Received transport
opioids
54 (39.4)

11 (45.8)

15 (38.5)

13 (44.8)

15 (33.3)

0.687

Induction:
Propofol
Thiopental Other

118 (57.3)
55 (26.7)
33 (16.0)

19 (57.6)
7 (21.2%)
7 (21.2%)

35 (56.5%)
18 (29.0%)
9 (14.5%)

21 (47.7)
11 (25.0)
12 (27.3)

43 (64.2)
19 (28.4)
5 (7.4)

0.170

Neostigmine
Given

131 (64.9)

21 (65.6)

47 (75.8)

23 (53.5)

40 (61.5)

0.111

1

11

11

11

0.989

Longest opioid gap
(median):
1
Adjuvants given

115 (56.1)

20 (60.6)

34 (55.7)

27 (61.4)

34 (50.7)

0.671

* Reference: no ARPM strategy used; Benzo strategy: administration of benzodiazepines within 90 minutes of
anesthesia
start time; Opioid strategy: administration of morphine or hydromorphone at the end of surgery; Combo strategy: a
combination of Benzo and Opioid strategies.

In summary, in later analyses when we held additional covariates constant,
nitrous oxide, intraoperative antiemetics, additional benzodiazepines given
128	
  
	
  

preoperatively, induction agents, and neostigmine were considered as potential
confounders. Postoperative adjuvants were retained on theoretical grounds.
4.6 Postoperative Pain
Before turning to model testing that would provide estimates of relationships
as well as control for potential confounding covariates, pain patterns were visually
examined.
4.6.1. Graphic representation of postoperative pain intensity over time
For each postoperative hour the maximum score of worst pain intensity hourly
average was 10 on the NRS and the minimum score of the pain intensity hourly average
was zero. Figure 4.1 shows that pain was controlled (defined as pain intensity hourly
average ≤ 4) during the first 2 postoperative hours (which coincided with the average
time to achieve PACU discharge criteria, continuous monitoring, and the highest
number of pain assessments).
Figure 4.1: Average hourly pain rating over the first 24 postoperative hours
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The average hourly pain intensity rapidly increased over the course of the
first 8 hours (as monitoring became intermittent and the number of pain
assessments steadily decreased) and plateaued for the next 8 hours before minimally
decreasing over the last 8-hour period. The average PACU stay was approximately
4 hours; the level of monitoring was the same as at 2 hours postoperatively, but the
frequency of pain measurements decreased.
4.6.2. Categorized postoperative pain intensity over time
Overall, 172 (83.5%) patients had at least one severe pain rating during the
24-hour period. This included 70 (34.0%) patients with a severe rating at 1 to 2
hours, 67 (32.5%) at 2 to 4 hours, 99 (48.1%) at 4 to 8 hours, 137 (66.5%) at 8 to 16
hours, and 137 (66.5%) at 16 to 24 hours. In other words, the proportion of patients
suffering from severe pain on surgical floors was almost double the proportion of
severe pain reported in the PACU. The number of patients reporting moderate pain
(Figure 4.2, red line) were similar in both settings.
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Figure 4.2: Number of missing cases per hour and cases with hourly average
ratings of the postoperative pain intensity categorized as mild, moderate,
and severe

The number of patients reporting mild pain fell six fold, and the number of unmeasured
pain ratings dramatically increased on the surgical floor. It is important to note that pain
measurements were taken at various intervals, ranging from several minutes to several
hours. Also, at least hourly pain ratings were expected in the PACU but not on the floor
because of differences in the pain assessment policies. Documentation of moderate to
severe rating of pain intensity was required to justify opioid administration on an asneeded basis. In other words, the occurrence of mild pain was underestimated on the
surgical floor.
4.6.3. Postoperative pain models including covariates
Mixed effects models (growth curve models) were conducted to analyze
the association of postoperative pain with ARPM strategies over time with or
without covariates. Based on Figure 4.3, which shows the average pain rating
without covariates over 24 hours, there was a quadratic relationship between pain
rating and time.
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Figure 4.3: Average hourly pain rating by ARPM strategy

Reference
Opioid

Benzo
Combo

Only the patient (intercept) was a random effect; hour was used as a repeated effect to
model the possible correlation of the residual errors within each patient. Other variables
were fixed effects. The skewness and kurtosis of postoperative pain ratings (the
dependent variable) were 0.511 and –0.590, respectively; therefore, the distribution was
considered normal. Hour and the square of hour were included in the models, and they
were significant in all models as expected. In Table 4.6, the basic model showed that on
average the pain ratings for the Combo strategy group was 0.89 points higher than the
pain ratings for the Reference group, p = 0.017.

	
  

132	
  

Table 4.6. Mixed effects models of pain rating over the first 24 postoperative hours
Basic
Model

Model A
Person

Estimate,
Estimate,
95%CI
95%CI
Intercept
2.448***
3.817***
(1.791, 3.165)
(2.878, 4.756)
ARPM strategies (Ref. group: no pain strategy)
Benzo
0.703
0.556
(–0.038, 1.443)
(–0.157, 1.269)
Opioid
0.786
0.714
(–0.012, 1.583)
(–0.051, 1.479)
Combo
0.894*
0.619
(0.162, 1.626)
(–0.095, 1.332)
Hour
0.467***
0.466***
(0.400, 0.533)
(0.400, 0.532)
Hour squared
–0.015***
–0.015***
(–0.017, –0.012) (–0.017, –
0.012)
Age
–0.029***
(–0.042, –
0.016)
Preexisting chronic
Pain
Smoking
Baseline pain rating
Given opioids during
transport to hospital
Preoperative opioid
consumption
Opioid

Model C
Health and
illness
Estimate,
95%CI
2.655***
(1.389, 3.921)

Model D
Pharmacology

Final
Model

Estimate,
95%CI
1.273*
(.236, 2.311)

Estimate,
95%CI
3.868***
(1.862, 5.873)

0.581
(–0.137, 1.299)
0.263
(–0.515, 1.041)
0.572
(–0.123, 1.268)
0.475***
(0.407, 0.544)
–0.015***
(–0.018, –0.013)

0.933*
(0.094, 1.771)
0.649
(–0.240, 1.538)
1.138** (0.318,
1.959)
0.538***
(0.455, 0.622)
–0.018***
(–0.021, –0.015)

1.129**
(0.393, 1.865)
0.768**
(0.303, 1.233)
0.183***
(0.100, 0.267)

0.742
(–0.060, 1.545)
0.175
(–0.676, 1.025)
0.747
(–0.025, 1.519)
0.549***
(0.463, 0.635)
–0.018***
(–0.021, –0.015)
–0.019*
(–0.035, –0.003)
1.424**
(0.462, 2.385)
1.048***
(0.510, 1.585)
0.100*
(0.003, 0.198)
0.520
0.565*
(–1.099, 0.059) (0.021, 1.108)
0.004***
0.003*
(0.002, 0.007)
(0.001, 0.005)
–0.053*
–0.065*
(–0.104, –0.002) (–0.118, –0.013)

Model fit
AIC
9898.470
9889.124
9321.307
6263.304
5968.201
* p < 0.05; ** p < 0.01; *** p < 0.001.
Reference: no ARPM strategy used; Benzo strategy: administration of benzodiazepines within 90 minutes of
anesthesia start time; Opioid strategy: administration of morphine or hydromorphone at the end of surgery; Combo
strategy: a combination of Benzo and Opioid strategies.

The pain ratings for the Benzo strategy group and the Opioid strategy group were 0.703
and 0.786 points higher than the pain ratings for the Reference group, but the differences
were not statistically significant, p = 0.063 and p = 0.053, respectively. Therefore,
Hypothesis 2.1 was not supported.
In the next sections, Hypotheses 2.1 through 2.3 (controlling for personal,
environmental, and health and illness variables) were explored using mixed effects
models. First, separate models for each of the hypotheses were generated, when
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warranted, to include covariates that met p < 0.200 in the analysis and were deemed
exceptionally important on the theoretical groups (e.g., Model A included personal
variables, Model B included environmental variables, Model C included health and
illness variables). Even though pharmacological variables were not part of the
hypotheses, they were added into the final models because of the influence of
pharmacological variables (Model D). Then a final model was generated that included
only the variables identified in the separate models as being significant. This strategy
limited the number of covariates to keep a better ratio of parameters to sample size.
Model A (personal variables) contained age in addition to hour, hour squared,
and ARPM strategies. None of the ARPM strategy groups were significantly different
from the Reference group in pain ratings after adding personal covariates. The
difference between the Combo strategy and the Reference group was not significant,
indicating that the relationship between ARPM strategies and postoperative pain ratings
changed after taking into account personal variables. Age has a significant negative
relationship to pain rating, p < 0.001. With each 1-year increment of age, the pain
rating decreased 0.029 on average over the 24 postoperative hours. Therefore,
Hypothesis 2.1 was not supported.
In Model B (environmental variables), the results of the mixed effects model
revealed no statistically significant relationships between environmental variables and
pain rating. None of the ARPM strategy groups were significantly different from the
Reference group in pain ratings after adding environmental covariates. Model C (health
and illness variables) contained preexisting chronic pain, smoking status, and baseline
pain rating in addition to hour, hour squared, and ARPM strategies. None of the ARPM
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strategy groups were significantly different from the control group in the pain rating after
the addition of health and illness variables. In other words, the relationships between
ARPM strategies and postoperative pain ratings changed after taking into account health
and illness variables. The effect of preexisting chronic pain on the pain rating was
significant, p = 0.003. As expected, compared with patients who did not have chronic
pain, patients with chronic pain had a higher pain rating by 1.129 points. Smokers’ pain
ratings were 0.768 points higher than were the pain ratings of nonsmoking patients on
average. Additionally, as baseline pain rating increased by 1, the pain rating increased by
0.183 on average. Therefore, Hypotheses 2.2 and 2.3 were not supported.
Model D (pharmacological variables) contained transport opioids, preoperative
opioid consumption, and preceding hour opioid administration in addition to hour, hour
squared, and ARPM strategies. After addition of pharmacological variables, the
difference between the Benzo group and the Reference group, as well as the difference
between the Combo group and the Reference group, became significant, p = 0.030 and
p = 0.007, respectively. In other words, controlling the pharmacological variables made
the effects of Benzo strategy significant. The pain rating for the Benzo group was 0.933
points higher than was the pain rating for the control group, and the pain rating for the
Combo group was 1.138 points higher than was the pain rating for the Reference
group. The effect of receiving transport opioids on pain rating was not significant (p =
0.078) but retained. Additionally, as the preoperative opioid consumption increased by
100 mg of equianalgesic intravenous morphine, the pain rating increased by .4 on
average, p<.001(clinically insignificant). At last, as the preceding hour total opioid
consumption increased by 10 mg of equianalgesic intravenous morphine, the pain
135

rating decreased by .53, p=.043.
The final model included seven covariates in addition to hour, hour squared, and
ARPM strategies: age, preexisting chronic pain, smoking status, baseline pain rating,
received transport opioids, preoperative opioid consumption, and preceding hour opioid
administration. The Akaike information criterion (AIC) of the final model was smaller
than for the other models, indicating that the final model is better than the others. The
difference between the Benzo group and the Reference group and the difference between
the Combo group and the Reference group was not significant, p = 0.069 and p = 0.058,
respectively. Compared with patients who did not have chronic pain, patients with
chronic pain had a 1.424 higher pain rating, p = 0.004. Smoking patients’ pain ratings
were 1.048 higher on average than were the pain ratings of non- smoking patients, p <
.001. As baseline pain rating increased by 1, the pain rating in the 24 postoperative hours
increased .100 on average, p = .043. Patients who received transport opioids had a .565
higher pain rating on average compared to patients who didn’t receive transport opioids,
p = .042. Additionally, as the preoperative opioid consumption increased by 33 mg of
equianalgesic intravenous morphine, the pain rating increased by 1 on average, p = .007.
The effects of two covariates were all statistically significant but not meaningful
clinically: 1) as age increased by 10 years, the pain rating decreased by approximately
0.19, p = 0.023; and 2) as the preceding hour opioid administration increased by 20 mg
of equianalgesic intravenous morphine, the pain rating decreased by 1.3, p = 0.015.
Therefore, after controlling other covariates, the relationship between ARPM strategies
and pain rating in the first 24 postoperative hours was not significant.
In summary, hypothesis 1 was supported: patients in Combo group reported
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higher ratings of postoperative pain intensity than patients who did not receive ARPM
strategies. Hypotheses related to Aim 2 were not supported because Combo strategy lost
its significance after taking into consideration personal, environmental and health and
illness variables. The final model demonstrated provided a better fit but it did not
statistically significant difference between strategies. However, Opioid strategy provided
better ratings clinically.
4.7 Total Opioid Consumption
Opioids are the first choice for moderate to severe pain treatment, and their dose
is usually based on ongoing pain assessment. Average hourly equianalgesic dose ranged
from 1.14 mg of morphine (during the first postoperative hour) to 3.27 mg (at the fourth
hour). Total opioid consumption for the first 24 postoperative hours did not have a
normal distribution, with a skewness of 2.65 and a kurtosis of 9.40, and ranged from
3.75 to 336.88 mg of morphine. A wide variability among patient opioid requirements
was expected. Individual opioid consumption was examined and revealed up to six fold
variation in the individual average intravenous morphine equianalgesic dose within the
first 24 postoperative hours. Outliers were clinically relevant, and these patients
exhibited no more variations in their opioid consumption over the 24-hour period than
did other patients. Normal distribution was achieved with log transformation, giving a
skewness of 0.404 and a kurtosis of 0.901 (Figure 4.4).
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Figure 4.4: Total opioid consumption for the first 24 postoperative hours
distribution overall and by the ARPM strategy

A multiple linear regression was conducted to gain a better idea about
quantity of consumed opioids overall and the actual differences in the log of total
opioid consumption in each subgroup (Hypothesis 1) with total opioid
consumption as a continuous outcome variable. There was no statistically
significant difference in the log transformed total opioid consumption for the first
24 postoperative hours among ARPM strategy groups, and the overall model was
not statistically significant, F (3, 202) = 0.18, p = 0.911.
In the next sections, Hypotheses 2.1 through 2.3 (controlling for personal,
environmental, and health and illness variables) were explored. First, separate models
for each of the hypotheses were generated when warranted to include covariates
established as meeting a p < 0.2 in univariate analysis and deemed exceptionally
important on theoretical grounds (e.g., Model A included personal variables, Model B
included environmental variables, Model C included health and illness variables).
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Results are presented in Table 4.7.
Table 4.7: Statistical modeling of log transformed total opioid consumption for the first
24 postoperative hours.
Basic
Model

Model A
Person

Model B
Environment

B, (95% CI) B, (95% CI) B, (95% CI)
ARPM Strategies (Reference group: Reference)
Benzo
-.027
-0.068
.053
(-.174, .103) (-.202, .053) (-.080, .169)
Opioid
-.041
-.053
.002
(-.196, .100) (-.195, .077) (-.136, .125)
Combo
-.039
-.082
.034
(-.184, .090) (-.217, .039) (-.099, .146)
Females
-.154**
(-.247, -.062)
Age
-.006***
(-.008, -.003)
Type of surgery (Reference group: Intramedullary nailing)
External fixation
Other
Preoperatively
Intubated
Used PCA

Model C
Health &
illness
B, (95% CI)

Model D
Final Model
Pharmacology
B, (95% CI)

B, (95% CI)

-.054
(-.241, .043)
-.140
(-.330, -.027)
-.090
(-.246, .027)

-.016
(-.12, .088)
-.059
(-.182, .052)
-.068
(-.171, .044)

.020
(-.076, .100)
-.039
(-.140, .051)
.-036
(-.131, .049)
-.113***
(-.178, -.051)
-.003**
(-.005, -.001)

-.133*
(-.225, -.021)
-.067
(-.150, .039)
.114*
(.001, .227)

-.037
(-.109, .052)
.021
(-.59, .089)

.388***
(.282, .481)

.000**
(.000, .001)

.305***
(.236, .375)
-.012
(-.013, .011)
.012
(-.063, .080)
.000*
(.000, .001)

.128**
(.057, .202)
-.052***
(-.086, -.055)

.121***
(.065, .181)
-.043***
-.050, -.003

Baseline pain ratings

-.024
(-.939, .132)
.149*
(.030, .235)

Psychoactive
substance use
Preoperative opioid
Consumption
Given additional
preoperative
benzodiazepines
Longest opioid gap

Model Fit: Adjusted
R2
.000
.150
.254
.083
.380
.610
* Reference: no ARPM strategy used; Benzo strategy: administration of benzodiazepines within 90 minutes of
anesthesia start time; Opioid strategy: administration of morphine or hydromorphone at the end of surgery; Combo
strategy: a combination of Benzo and Opioid strategies.
Basic model: F(3, 202) = 0.128, p = 0.944; Model A covariates: gender and age, F(5, 200) = 8.251, p < 0.001; Model
B covariates: type of surgery, preoperative intubation, and PCA use, F(7, 192) = 10.655, p < 0.001; Model C
covariates: baseline pain and smoking, F(5, 187) = 4.446, p = 0.001; Model D covariates: additional, preoperative
benzodiazepines and opioid gaps, F(6, 198) = 21.799, p < 0.001; Final Model covariates: gender, age, PCA use,
additional preoperative benzodiazepines, preoperative opioid consumption, and duration of opioid gaps, F(9, 194) =
36.216, p < 0.001.

As noted above, pharmacological variables were not part of the hypotheses,
they were added into the final models because of their influence on the total opioid
consumption for the first 24 postoperative hours; thus another model explored the
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confounding influences of any pharmacological variables (Model D). Then a final
model was generated that included only the variables identified in the separate models
as being significant. This strategy limited the number of covariates to as few as
possible in accordance with keeping a better ratio of parameters to sample size.
The Pearson bivariate correlation identified associations between log
transformed total postoperative opioid consumption and two personal variables: age (r
= –0.338, n = 206, p < 0.001) and gender (r = –0.296, n = 206, p < 0.001). Model A
(personal variables) contained gender, age, and ARPM strategies. The total variance
explained by the personal model was 15.0%, F(5, 200) = 8.25, p < 0.001. None of the
ARPM strategy groups were significantly different from the Reference group in the log
of total opioid consumption. Therefore, the relationships between ARPM strategies and
the log of total opioid consumption for the first 24 postoperative hours remained
insignificant after taking personal variables into consideration. Age made a statistically
significant contribution to the model with β = –0.30, p < 0.001. Higher total opioid
consumption was likely to be observed in younger patients. Gender was also associated
with changes in opioid consumption: Women had lower average opioid consumption
than did men, β = –0.22, p = 0.001.
The Pearson bivariate correlation identified significant associations between
log transformed total postoperative opioid consumption and two environmental
variables: preoperative intubation in the TRU (r = 0.138, n = 201, p = 0.007) and PCA
utilization (r = 0.493, n = 205, p < 0.001). Also, the association with the type of
surgery met criteria for inclusion in the model, r = –0.095, n = 206, p = 0.177. Model
B (environmental variables) included type of surgery, preoperative intubation in the
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TRU, PCA utilization, and ARPM strategies. The overall model was statistically
significant and explained 25.4% of total postoperative opioid consumption variance,
F(7, 192) = 10.655, p < 0.001. Again, none of the ARPM strategies differed
significantly from the Reference group on levels of opioid consumption. Therefore, the
relationship between log transformed total opioid consumption and ARPM strategies
remained after taking into consideration environmental variables. For the categorical
variable, type of surgery, only external fixation was significantly different from
intramedullary nailing, β = –0.16, p = 0.018. Those who received external fixation tend
to have lower opioid consumption than did those who received intramedullary nailing.
Also, participants who were intubated preoperatively in the TRU had greater opioid
consumption than did participants who did not receive preoperative intubation in the
TRU, β = 0.12, p = 0.049. Understandably, higher total opioid consumption was likely
to be found among patients who were given PCA in anticipation of experiencing
difficulties with pain compared with the Reference group, β = 0.49, p < 0.001.
The Pearson bivariate correlation identified associations between log
transformed total postoperative opioid consumption and three health and illness
variables: baseline pain ratings (r = 0.210, n = 193, p = 0.003), smoking (r = 0.141, n =
206, p = 0.043) and psychoactive substance use other than alcohol and tobacco (r =
0.193, n = 206, p = 0.006). Smoking was removed from the model as a result of loss of
significance. The resulting Model C (health and illness variables) contained three
health and illness variables: ARPM strategies, baseline pain rating, and psychoactive
substance use other than alcohol and tobacco. The model was statistically significant,
and 10.7% of the variance in opioid consumption was explained by the independent
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variables, F(5, 187) = 4.47, p = 0.001. No ARPM strategy was significantly related to
changes in opioid consumption. Therefore, the relationship between log transformed
total opioid consumption and ARPM strategies remained after taking into
consideration heath and illness variables. Baseline pain rating was related to opioid
consumption, β = 0.21, p = 0.004. Participants with higher baseline pain ratings
consumed higher levels of opioids. Participants who used psychoactive substances
other than alcohol and tobacco had higher opioid consumption than did participants
who did not use these psychoactive substances.
The Pearson bivariate correlation identified associations between log
transformed total postoperative opioid consumption and three pharmacological
variables: total preoperative opioid consumption (r = 0.303, n = 205, p < 0.001),
additional preoperative benzodiazepine (r = 0.251, n = 205, p < 0.001), and the longest
single opioid gap during the first 24 postoperative hours (r = –0.589, n = 206, p <
0.001). Model D (pharmacological variables) contained ARPM strategies, total
preoperative opioid consumption, the longest single opioid gap duration, and additional
preoperative benzodiazepines. Model D was statistically significant and explained
38.0% of the variance in opioid consumption, F(6, 198) = 21.80, p < 0.001, although
none of the ARPM strategies were statistically significant. Higher total preoperative
opioid consumption was significantly related to higher total postoperative opioid
consumption, β = 0.18, p = 0.002, and as additional preoperative benzodiazepine use
increased, opioid consumption also increased, β = 0.20, p = 0.001. The median of the
total 24-hour postoperative opioid consumption (540.3 mg) was 2.4-fold higher than the
median of the preoperative opioid consumption (224.1 mg). Such a high postoperative
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opioid dose reflected the additional surgical impact on pain resulting from traumatic
tibia fracture. Understandably, a longer duration of even a single opioid gap during the
first 24 postoperative hours significantly decreased opioid levels in the body, β = –0.52,
p < 0.001. Further examination of individual opioid consumption revealed periods of
little to no opioids in the body (as approximated by the average duration of action)
alternating with double to quadruple doses of the individual average dose (in most
cases). Postoperative adjuvants are claimed to have opioid-sparing properties, but the
association was not statistically significant.
The final model included seven predictors: ARPM strategies, gender, age,
PCA utilization, preoperative opioid consumption, additional preoperative
benzodiazepines, and longest duration of opioid gaps. The model had an adequate
sample size for all predictors and explained 61.0% of total variance, F(9, 194) =
32.06, p < 0.001, although none of the ARPM strategies were statistically significant.
Women were more likely to have a lower opioid consumption than were men, β = –
0.16, p < 0.001, and as age increased, opioid consumption decreased, β = –0.16, p =
0.001. Both PCA utilization, β = 0.38, p < 0.001, and preoperative opioid
consumption, β = 0.08, p = 0.038, increased opioid consumption. Additional
benzodiazepines given preoperatively also increased opioid consumption, β = 0.19, p
< 0.001, whereas the duration of the longest opioid gaps during the first 24
postoperative hours decreased opioid consumption, β = –0.45, p < 0.001.
In summary, none of the ARPM strategy groups were significantly different
from the Reference group in the log of total opioid consumption. The relationships
between ARPM strategies and the log of total opioid consumption for the first 24
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postoperative hours remained insignificant after taking personal and environmental
variables into consideration. In other words, hypothesis 1 was not supported and
hypotheses for Aim 2 were supported.
4.8 Time to achieve PACU discharge criteria
Time to achieve PACU discharge criteria was available on 205 (99.5%) of
patients. Three quarters of patients achieve post-anesthesia discharge criteria in three
hours or less (181 minutes) with mean time 136 minutes (SD 77 minutes) and ranged
from 10 to 358 minutes. Time to achieve PACU discharge criteria had four outliers
(950, 560 and 543 minutes). They were winsorised to next highest value of 358
minutes. The resulting distributions of time to achieve PACU discharge criteria for
entire sample and all four subgroups were normal, given the skewness and the kurtosis
were 0.849 and 0.431 respectively (see Figure 4.5).
Figure 4.5: Time required to achieve post-anesthesia discharge criteria
distribution overall and by the ARPM strategy

Average time required to achieve PACU discharge criteria was 135 ± 77
min (approximately two hours).
Data analysis showed that in many instances actual discharge from PACU was
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delayed in average for 160 minutes (more than two and a half hours) due to nonanesthesia related issues, such as the past medical history, surgery related and
administrative issues. Examples of the past medical history issues were difficulties
with blood glucose Reference for diabetics, which required initiation of insulin drip
and corresponding change in receiving from PACU unit from floor to intermediate
care unit. Surgical issues were frequently related to timely floor orders placement and
additional assessment for potential surgical complications, such as compartment
syndrome and excessive bleeding. Administrative issues were related to inability to
give report in a timely manner and lack of floor beds availability. Interestingly, there
were other reasons for the delay than cited by the literature difficulties with
controlling pain or PONV (no statistically significant association with these two
variables were found). None of the ARPM strategy groups were significantly different
from the Reference group in the time required to achieve PACU discharge criteria.
Linear regression was used to test hypotheses 1 and 2 with time required to
achieve postanesthesia care unit discharge criteria as continuous outcome variable.
The basic model, including only ARPM strategies, was not statistically significant, F
(3, 201) = 1.30, p =.274; however, Benzo strategy was clinically but not statistically
significant, β = -.19, p =.059. Participants who were administered benzodiazepines
within 90 minutes of beginning anesthesia achieved PACU discharge criteria a half an
hour faster than did participants in the Reference group. No ARPM strategy was
significantly different from the Reference group in the time required to achieve PACU
discharge criteria.
In the next sections hypotheses 2.1-2.3 (controlling for personal,
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environmental, and health & illness variables) were explored. First separate models for
each of the hypothesis were generated where warranted to include covariates
established as meeting p < 0.100 in univariate analysis (e.g., Model A included
personal variables, Model B included environmental variables, Model C included
health and wellness variables). Even though pharmacological variables were not part
of the hypotheses, they were added into final models because their influence on the
time required to achieve PACU discharge criteria, thus another model explored the
confounding influences of any pharmacological variables (Model D). Then a final
model was generated that included only the variables identified in the separate models
as being significant. This strategy limited the number of covariates to as few as
possible in accord to keeping a better ratio of parameters to sample size (Table 4.8).
Table 4.8: Statistical modeling of time required to achieve PACU discharge criteria
N= 204

Time to
achieve
PACU DC
criteria
Mean ± SD

ARPM:
Reference (n=33)
Benzo (n=62)

157±93
126±74

Opioid (n=43)

139±77

Combo (n=66)

131±69

PCA:
No
Yes

130±74
157±83

Negative
emotions:
No
Yes
Pain at baseline

Basic Model

Model B
Environment

B, (95% CI)

B, (95% CI)

1.0
1.0
-31.220
-26.773
(-63.689, -0.099) (-59.624, 6.079)
-18.636
-16.322
(-53.507, 16.236) (-51.213, 18.569)
-26.095
-22.554
(-58.140, 5.951)
(-54.781, 9.674)

Model C
Health &
illness

Final Model

B, (95% CI)

B, (95% CI)

1.0
1.0
-33.467
-30.010
(-75.744, 163.168) (-64.996, 3.698)
-10.402
-16.743
(-46.410, 25.606) (-45.183, 27.204)
-22.544
-20.471
(-55.288, 10.201) (0.-53.397, 12.794)

1.0
22.958
(-3.399, 49.314)

19.938
(-12.967, 42.412)
1.0
36.201*
(6.977, 63.424)
3.692
(-.202, 7.587)

130±77
159±71

27.622
(4.641, 63.764)

Model fit
Adjusted R2
.004
.051
.051
.051
* p < .05; ** p < .01; *** p < .001; Reference: no ARPM strategy used, Benzo strategy: administration of
benzodiazepines within 90 minutes of anesthesia start, Opioid strategy: administration of morphine
or hydromorphone at the end of surgery, Combo strategy: a combination of strategy Benzo &
Opioid, Basic model: F(3, 201) = 1.304, p = .004, Model C covariates: baseline pain and negative
emotions: F(5, 187) = 3.063, p =.011
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In Model A (personal variables), the results of multiple linear regression analysis
revealed no statistically significant relationships between personal variables and
time required to achieve PACU discharge criteria.
Model B (environmental variables). An independent-sample t-test detected a
significant difference in time to achieve PACU discharge criteria between patients who
did not have PCA (130 minutes, SD = 74) and who did (157, SD = 83); t(202) = -2.01, p
=.046 (two-tailed). The magnitude of the difference in the means (mean difference = -27,
95% CI: -52.48 to -0.45) was small (eta squared = 0.002). The resulting model with
two predictors, ARPM strategies and PCA use, was not significant F (4, 199)
= 1.708, p =.150, and PCA contribution was not significant (β = .12, p =.087).
Therefore, the relationship (no statistically significant association) between ARPM
strategies and time required to achieve PACU discharge criteria remained unchanged
in a model that held PCA use constant.
An independent-sample t-test detected a significant difference in time to achieve
PACU discharge criteria between patients who did not have pre-existing history of
negative emotions (130 minutes, SD = 77) and who did (159, SD = 71); t(203) = -2.04,
p =.043 (two-tailed). The magnitude of the difference in the means (mean difference =
-28, 95% CI: -55.32 to-.89) was small (eta squared =0.002). Pearson bivariate
correlation identified no association between time required to achieve PACU discharge
criteria and pain rating at baseline, r = .160, n = 205, p = 0.026. Model C (health and
illness variables) contained ARPM strategies, negative emotions, and pain intensity at
baseline in addition to ARPM strategies. Overall, the model was significant and
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accounted for 5.1% of the variance in the dependent variable, F (5, 187) = 3.06, p =
0.011. As baseline pain rating increased, time required to achieve PACU discharge
criteria also increased, β = 0.14, p = 0.063. Lastly, participants who reported having
pre-existing negative emotions were more likely to take longer to achieve PACU
discharge criteria than were participants who did not report having pre-existing
negative emotions, β = 0.18, p = 0.015. However, none of the ARPM strategies were
predictive of time required to achieve PACU discharge criteria.
Pearson bivariate correlation identified no association between time required to
achieve PACU discharge criteria and pharmacological variables. The opioid gaps were
excluded from the time required to achieve PACU discharge criteria modeling for
several reasons: (1) overall patients’ pain was adequately controlled, (2) gaps could be
justified by decreased level of consciousness due to residual anesthetics, (3) majority of
patients achieved PACU discharge criteria in three hours or less.
The final model with all three predictors in addition to ARPM strategies offered
no advantage over health & illness model C and explained the same 51.0% of total
variance, F (6, 185) = 2.714, p = .015. None of the ARPM strategies were statistically
significant. Therefore, more parsimonious health & illness was chosen as the final
model. All ARPM strategies decreased time required to achieve PACU discharge
criteria by 15-30 minutes which was clinically significant. Benzo strategy demonstrated
the best result, 30 minutes. However, this result should be interpreted with caution:
patients in Benzo group usually did not receive PCA (which caused up to 30 minutes
delay) and did not have history of negative emotions (another cause for 30 minutes
delay).
148

In summary, hypothesis 1 was not supported. Clinically, all ARPM strategies
optimized the time required to achieve PACU discharge criteria. The relationships
between ARPM strategies and the time required to achieve PACU discharge criteria
remained unchanged after taking personal, environmental, and health and illness
variables into consideration. In other words, hypotheses for Aim 2 were supported It is
important to note that clinically significant difference in the time required to achieve
PACU discharge criteria could not be solely attributed to the ARPM strategies.
4.9 Postoperative Nausea and Vomiting
Approximately every third (30.7%) patient had at least one episode of PONV
within the first 24 postoperative hours: 38 (19.1%) patients had a single episode, 14
(7.0%) had two episodes and nine patients (4.4%) had three or more episodes of PONV.
Although all patients had postoperative orders for antiemetics on an as needed basis, the
majority of patients (138 or 70.4%) did not receive rescue antiemetics. The proportions
of patients affected by postoperative nausea and vomiting in each subgroup ranged from
21%-30%. The baseline logistic regression model predicting PONV occurrence,
including only ARPM strategies as predictors, was not significant, χ2 (3) = 2.03, p =
.566, Nagelkerke R2 = .014. None of the ARPM strategies were significantly predictive
of PONV occurrence (Table 4.9).
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Table 4.9. Statistical modeling of postoperative nausea and vomiting.
Basic
Model

Model A
Person

Model B
Environment

ARPM Strategies (Reference group: Control)
Benzo
.644
.550
.659
Opioid
.645
.609
.791
Combo
.523
.442
.518
Non-White race
.418**
Age (years)
.970**
Duration of
preoperative phase
.999*
(minutes)
Duration of
anesthesia (minutes)
.995*
Preoperative
.329
intubation
ASA physical status (Reference group: ASA III or above)
ASA I
ASA II
Acutely intoxicated
Induction agent (Reference group: Other)
Propofol
Thiopental
Nitrous oxide used
Model Fit
Nagelkerke R2
.014
.112
.115

Model C
Health &
illness

Model D
Pharmacology

Final
Model

.395
.451
.345*

.617
.680
.347*

.431
.505
.262*
.339**

.209

9.784***
3.280***
.249*

.168

7.205**
3.677*
.247*
2.345
4.118*
2.204*

2.885**

.111

.299

* p < .05; ** p < .01; *** p < .001;
Control: no ARPM strategy used
Benzo strategy: administration of benzodiazepines within 90 minutes of anesthesia start
Opioid strategy: administration of morphine or hydromorphone at the end of surgery
Combo strategy: a combination of strategy Benzo & Opioid
Basic model: χ2(3) = 2.030, p = .566
Model A covariates: race and age; χ2 (5) = 16.802, p = .005
Model B covariates: type of surgery, preoperative intubation and PCA use; χ2 (6) = 16.857, p =.010
Model C covariates: baseline pain and smoking: χ2 (6) = 24.466, p =.001
Model D covariates: additional preoperative benzodiazepines and opioid gaps; χ2 (6) =16.129, p = .013
Final Model covariates: gender, age, PCA use, additional preoperative benzodiazepines and duration of
opioid gaps; χ2 (9) =43.157, p <.001

In the next sections hypotheses 2.1-2.3 (controlling for personal,
environmental, and health and illness variables) were explored. First separate
models for each of the hypothesis were generated where warranted to include
covariates established as meeting p < 0.2 in previous analyses and deemed
exceptionally important on the theoretical grounds (e.g., Model A included personal
variables, Model B included environmental variables, Model C included health and
wellness variables). Even though pharmacological variables were not part of the
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hypotheses, they were added into final models because their influence on the
occurrence of PONV, thus another model explored the confounding influences of
any pharmacological variables (Model D). Then a final model was generated that
included only the variables identified in the separate models as being significant.
This strategy limited the number of covariates to as few as possible in accord to
keeping a better ratio of parameters to sample size.
Model A (personal variables). Chi-square test showed a significant association
between race and occurrence of PONV, χ2 (1, n=204) = 5.13, p = 0.035, Cramer’s V =
0.16 (small effect size). An independent-sample t-test showed that patients who
suffered from postoperative nausea and vomiting were significantly younger (37.5, SD
= 16.4) and who did not (44.1, SD = 17.9); t(203) = 2.48, p = 0.014 (two-tailed). The
magnitude of the difference in the means (mean difference = 6.6, 95% CI: 1.35 to
11.9) was small (eta squared =.03). Thus, Model A contained ARPM strategies, race
and age as predictors in the logistic regression. The overall model was statistically
significant: χ2 (5, N = 205) = 16.80, p = 0.005, explaining 11.2% (Nagelkerke R2) of
the variance in the occurrence of PONV. No ARPM strategy was significantly
different from the Reference group in predicting occurrence of PONV. Therefore, the
relationships between ARPM strategies and PONV unchanged after taking into
consideration personal variables. Non-White patients were less likely to experience
PONV, OR = 0.418, p = 0.009. Also, increases in age were associated with a decrease
in the likelihood of PONV occurrence, OR = 0.970, p = 0.003.
Model B (environmental variables). Fisher’s Exact Test indicated a significant
association between intubation of patients in the TRU and occurrence of PONV, χ2 (1,
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n=200) = 3.19, p = 0.049. An independent-sample t-test detected a significant difference
in duration of anesthesia between patients who suffer from postoperative nausea and
vomiting (198, SD = 54) and who did not (222, SD = 71); t(203) = 2.30, p = 0.023 (twotailed). The magnitude of the difference in the means (mean difference = 23.2, 95% CI:
3.27 to 43.15) was small (eta squared = 0.03). Model B with three variables (ARPM
strategies, duration of preoperative phase, intubation in the TRU and duration of
anesthesia) was not significant, χ2 (5) = 10.847, p = 0.055, Nagelkerke R2 = 0.075.
The relationship between ARPM strategies and occurrence of PONV remained after
taking into consideration environmental variables. Longer durations of anesthesia, OR
= 0.995, p = 0.049, was associated with a decrease in the likelihood of PONV
occurrence, though the effect size was very low. Considering that duration of
anesthesia is mostly determined by duration of surgery and impact of .5% per every
minute was small this finding is of questionable clinical significance. Intubation in the
TRU was not significantly related to PONV occurrence and the effect size was much
larger, OR = 0.344, p = 0.055.
Model C (health & illness variables). Chi-square test for independence indicated a
significant association between ASA physical status and occurrence of PONV, χ2 (2,
n=202) = 10.20, p = 0.006, Cramer’s V = 0.23 (medium effect size). Among
psychoactive substance use variables only acute intoxication on admission showed
statistically significant association with occurrence of PONV, χ2 (1, n=197) = 6.175, p
= 0.016. Model C (health and illness variables) included ARPM strategies, ASA status,
and alcohol intoxication. The model was statistically significant, χ2 (6) = 24.47, p <
0.001, Nagelkerke R2 = .168. Combo strategy significantly decreased the likelihood of
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PONV occurrence relative to the Reference group, OR = 0.345, p = 0.043. Also, 65.5%
reduction in occurrence of PONV was clinically significant. In addition, ASA I status,
OR = 9.784, p < 0.001, and ASA II status, OR = 3.280, p = 0.033, increased the
likelihood of PONV relative to ASA III status. In other words, patients with mild
systemic disease (classified as ASA II physical status) were more than 3 times more
likely to suffer from PONV than patients with severe systemic disease with or without
constant threat to life (classified as ASA III or more). Situation was much worse for
previously healthy patients (classified as ASA I) with odds to report nausea and
vomiting almost 10 times greater than patients classified as ASA III or more. Lastly,
intoxication at admission was associated with a significant decrease in the likelihood of
PONV occurrence, OR = 0.249, p = 0.009. Based on these results the relationship
between ARPM strategies and occurrence of PONV changed after taking into
consideration health and illness variables.
Model D (pharmacology). Log transformed total postoperative opioid
consumption was included on theoretical grounds. As expected, an association
between choice of postoperative pain management adjuvants and occurrence of
PONV was significant, Chi-square test for independence (with Yates Continuity
Correction χ2 (1, n=204) = 2.78, p = 0.09. However, intraoperative antiemetics
prophylaxis failed to reduce occurrence of PONV. Close examination of
intraoperative antiemetics demonstrated appropriated timing of their administration.
Also, neostigmine did not demonstrate significance. Model D (pharmacological
variables) included four predictors (ARPM strategies, log transformed total
postoperative opioid consumption, induction agents, and N2O use) and was
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statistically significant, χ2 (6) = 14.56, p = 0.024, Nagelkerke R2 = 0.111. Only
ARPM Combo strategy was significantly related to PONV, with an odds ratio of
0.403, indicating that Combo strategy led to a 59.7% decrease of PONV
occurrence, p = 0.062. Intraoperative N20 use more almost tripled chances of
reporting PONV, OR = 2.72, p = 0.004. Also, use of N2O and induction agents
confounded impact of the ARPM strategies and the relationship between ARPM
strategies and occurrence of PONV changed after taking into consideration
pharmacological variables. Effects of total postoperative opioid consumption were
negligible in comparison to N2O.
The final model included eight variables which made significant contributions or
were marginally significance in personal (age and race), environmental (duration of
anesthesia and intubation in the TRU), pharmacological (log transformed total
postoperative opioid consumption, nitrous oxide and postoperative adjuvants) models
and ARPM strategies. The model was statistically significant χ2 (10, N = 192) = 47.568,
p < 0.001. The model as a whole explained 31.2% (Nagelkerke R squared) of the
variance in the PONV status. All selected nine independent variables made a unique
statistically significant contribution to the model. (1) ARPM Combo strategy reduced
occurrence of PONV by 74.5% in comparison to Reference group (p = 0.017 and OR =
0.221. (2) Non-White participants were less likely to experience PONV than were
White participants, with an odds ratio of 0.316, p = 0.003. (3) As the age of patients
increased they were less likely to suffer from postoperative nausea and vomiting, with
an odds ratio of 0.965, p = 0.002. (4) As duration of anesthesia increased likelihood of
rescue antiemetic administration decreased, with an odds ratio of 0.994, p=.048. (5)
154

Intubated in the TRU patients were 87.6% less likely to report PONV than nonintubated patients (p = 0.011 and O R = 0.124). (6) Intraoperative N20 use more than
doubled chances of reporting PONV, OR = 2.67, p = 0.014. (7) The addition of
postoperative adjuvants increased risk of PONV more than twice, OR = 2.2, p = 0.014.
In summary, hypothesis 1 was not supported: the ARPM made no difference in
occurrence of PONV. Hypotheses 2.1 and 2.2 were supported since the relationship
between the ARPM strategies and occurrence of PONV remained after taking into
consideration personal and environmental variables. However, hypothesis 2.3 was not
supported: effects of Combo strategy were masked by health and illness variables and
dramatically decreased occurrence of PONV. Pharmacological adjuvants significantly
modified chances of experiencing PONV.
4.10 Alcohol use: Acute intoxication at admission
According to the third aim, the differences in outcomes were evaluated only
among patients who received ARPM strategies. In other words, Reference group was
excluded from this subsample. Before assessing the differences in the selected outcomes
basic characteristics of this subsample of patients who were intoxicated at admission were
compared to patients who are not. Intoxication data was only available for 167 patients
who had their blood alcohol level assessed on admission. Among them, 33 patients
(19.8%) exceeded the 0.08% limit and were considered intoxicated on admission. The
differences in baseline characteristics between patients who were intoxicated at
admission use and who were sober presented in Table 4.10.
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Table 4.10: Differences in baseline characteristics among intoxicated and sober
patients on admission, means ±SD or n (%)
Personal Variables
Age (years)*
Female
Environmental variables
Intubated in TRU
Duration of anesthesia (min)
Pharmacological variables
Preoperative opioid
consumption (morphine, mg)

Total
N =167

Sober
(n=134)

Intoxicated
(n=33)

p-value

41±17
53 (31.7)

42 ± 18
48 (35.8)

36 ± 12
5 (15.2)

0.015
0.023

23 (13.8)
215±66

13 (10.0)
210 ± 62

10 (30.3)
242 ± 80

0.003
0.036

245±129

253±130

208±102

0.026

The majority (84.8%) of the patients intoxicated at admission were male (Fisher’s
Exact Test, χ2 (1, n=167) = 5.22, p = 0.023). Intoxicated patients were significantly
younger (36 ± 12) than the sober patients (42 ± 18), t (167) = 1.97, p =0.023. The
magnitude of the difference in the means (mean difference = 6.6, 95% CI: 0.07 to
13.21) was small (eta squared = 0.002). Preoperatively, intoxicated patients were
significantly more often intubated. Chi- square test for independence (with Yates
Continuity Correction) showed a significant association between acute intoxication
and intubation in the TRU, χ2 (1, n=193) = 8.42, p= .004, Cramer’s V = 0.23 (small
effect size). While waiting for surgery, intoxicated patients received significantly less
opioids (208±102 mg of morphine) compare to sober trauma patients (253±130 mg of
morphine), t (197) = 2.951, p =0.026. The magnitude of the difference in the means
(mean difference = 44.6, 95% CI: 5.38 to 83.80) was small (eta squared =.003). Also,
intoxicated patients were significantly longer under anesthesia (242 ± 80 minutes)
compare to sober patients (210 ± 62 minutes), t (167) = -2.53, p =0.036. The
magnitude of the difference in the means (mean difference = 32.3, 95% CI: -62.22 to
2.25) was small (eta squared =.003). There were no other statistically significant
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differences between sober and intoxicated on admission patients.
4.10.1. Ratings of postoperative pain intensity and intoxication at admission
Mixed effects models were conducted to analyze the association of postoperative
pain with alcohol intoxication on admission. Similar to the models done in Section 4.6,
the individual patient (intercept) was random effect. The hour was used as repeated
effect to model the possible correlation of the residual errors within each patient.
Alcohol intoxication was the fixed effect that peaked interest. The hour and hour square
were included in the models as fixed effects to reflect the quadratic relationships, and
they were significant in all models as expected. The data used to fit the model
contained 167 patients and 180 valid postoperative pain ratings, so the sample size was
sufficient. The distribution of postoperative pain rating could be considered as normal,
given that the skewness and the kurtosis were -0.569 and -0.520, respectively. The
overall model revealed that, on average, the pain ratings of intoxicated patients were
0.51 higher than were the pain ratings of sober patients, but the difference was not
significant, p = 0.127. As shown in Table 4.11, Hypothesis 3.1 was not supported.
Table 4.11: Estimated coefficients of mixed effect models of intoxication on
admission and postoperative pain rating overall and by ARPM
strategy
Overall
n = 167
Intoxicated

0.507

Benzo
n = 61
-0.517

Opioid
n = 42
1.412

Combo
n = 64
0.696

Hour

0.507***

0.505***

0.501***

0.506***

Hour Square

-0.016***

-0.016***

-0.017***

-0.153***

*p < .05, **p < .01, ***p < .001

Mixed effects models were further used to analyze the association of
postoperative pain with alcohol intoxication on admission within each strategy
subgroup. The models were run separately for overall subsample of 167 patients
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and Benzo, Opioid, and Combo groups. As shown, for Benzo subgroup, on
average, the pain ratings of intoxicated patients were 0.517 lower than were those
of sober patients, but the difference was not significant, p = 0.416. The model of the
Opioid subgroup revealed the opposite result: On average, the pain ratings of
intoxicated patients were 1.412 higher than were those of sober patients, but the
difference was not significant, p = 0.058. Lastly, for the Combo subgroup, on
average, the pain ratings of intoxicated patients were 0.696 higher than were those
of sober patients, and the difference was not significant, p = 0.137. Therefore, even
though Hypothesis 3.2 was not supported, the Benzo strategy is worth further study.
4.10.2. Total postoperative opioid consumption for the first 24 postoperative
hours
There was no difference in log transformed total postoperative opioid
consumption for the first 24 postoperative hours between intoxicated on admission
and sober patients, p=.104. Therefore, hypothesis 3.1 was not supported. The
independent samples t tests were applied to compare the total postoperative opioid
consumption for the first 24 postoperative hours (Log transformed) between
intoxicated patients and sober patients within each strategy group. The first impression
that the difference in total postoperative opioid consumption between intoxicated on
admission and sober patients was negligible (e0.10, or 1.11 mg, over 24 hours).
However, considering that intoxicated patients tended to be younger and require
significantly higher opioids doses, this result is impressive. As shown in Table 4.12,
there were no difference in total postoperative opioid consumption between
intoxicated and sober patients, t (59) = -1.653, p = 0.104.
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Table 4.12: Total postoperative opioid consumption for the first 24 postoperative
hours overall and by ARPM strategy among intoxicated and sober
patients at admission
Variables
Total opioid
consumption for 24
postoperative hrs
Within the strategy:
Benzo
Opioid
Combo

Total
Mean ± SD (n)

Sober
Mean ± SD (n)

Intoxicated
Mean ± SD (n)

p-value

1.65±0.32 (n=167)

1.62±0.32 (n=134)

1.72±0.30 (n=33)

0.104

1.66±0.29 (n=61)
1.65±0.40 (n=42)
1.65±0.29 (n=64)

1.66±0.31 (n=51)
1.57±0.35 (n=34)
1.62±0.31 (n=49)

1.66±0.20 (n=10)
1.83±0.47 (n=8)
1.70±0.24 (n=15)

0.997
0.078
0.384

* Benzo strategy: administration of benzodiazepines within 90 minutes of anesthesia start, Opioid
strategy: administration of morphine or hydromorphone at the end of surgery, Combo strategy: a
combination of strategy Benzo & Opioid.

Therefore, Hypothesis 3.1 was not supported. Also, there were no significant difference
in total postoperative opioid consumption between intoxicated and sober patients within
each ARPM strategy group. Therefore, Hypothesis 3.2 was not supported.
4.10.3. Time to achieve PACU discharge criteria
On average, patients intoxicated on admission and sober patients achieved
PACU discharge criteria at the same time,130-132 minutes. The independent samples
t-test detected no significant difference in time required to achieve PACU discharge
criteria between these patients, p = 0.881. Therefore, hypothesis 3.1 was not supported
(see Table 4.13).
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Table 4.13: Time required to achieve PACU discharge criteria overall and by ARPM
strategy among intoxicated and sober patients at admission
Variables
Time to achieve PACU
discharge criteria (min)
Within the
strategy: Benzo
Opioid
Combo

Total
Mean ± SD (n)
131± 73 (n= 166)

Sober
Mean ± SD (n)
132 ± 75 (n=133)

Intoxicated
Mean ± SD (n)
130 ± 65 (n= 33)

p-value
0.881

125 ± 73 (n=61)
142 ± 76 (n=41)
131 ± 70 (n=64)

125 ± 78 (n=51)
139 ± 74 (n=33)
134 ± 74 (n=49)

124 ± 51 (n=10)
153 ± 89 (n=8)
121 ± 60 (n=15)

0.968
0.658
0.544

* Benzo strategy: administration of benzodiazepines within 90 minutes of anesthesia start, Opioid strategy:
admininistration of morphine or hydromorphone at the end of surgery, Combo strategy: a combination of strategy
Benzo & Opiod

The independent sample t tests were applied to compare the time to achieve PACU
discharge criteria between intoxicated patients and sober patients within each
strategy group. Patients who were intoxicated on admission in Opioid strategy group
achieved PACU discharge criteria 14 minutes later than did sober patients in the
same group. However, these differences were not statistically significant, p > .05.
Therefore, Hypothesis 3.2 was not supported.
4.10.4. Postoperative nausea and vomiting
Acute intoxication significantly decreased the occurrence of PONV more than
3- fold: 33.8% of sober patients experienced postoperative nausea and vomiting in
comparison to only 9.1% of acutely intoxicated (Fisher’s exact test, χ2 (1, n=166) =
7.87, p = .005). Therefore, hypothesis 3.3 was supported. Results presented in Table
4.14.
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Table 4.14. Occurrence of postoperative nausea and vomiting (n, %) overall and by
ARPM strategy among intoxicated and sober patients on admission **
Variables

PONV occurrence:

Total
N =173
n (%)
48 (28.9)

Sober
(n=90)
n (%)
45 (33.8)

Intoxicated
(n=115)
n (%)
3 (9.1)

p-value

0.005*

Within the strategy:
Benzo (n=60)
Opioid (n=42)
Combo (n=64)

18 (30.0)
13 (31.0)
17 (26.6)

18 (36.0)
13 (38.2)
14 (28.6)

0*
0*
3 (20.0)*

0.025*
0.043*
0.740*

*Fisher’s Exact Test
** Benzo strategy: administration of benzodiazepines within 90 minutes of anesthesia start, Opioid
strategy: administration of morphine or hydromorphone at the end of surgery, Combo strategy: a
combination of strategy Benzo & Opioid.

While intoxicated patients were not prone to nausea regardless of the strategy,
benzodiazepines administration within 90 minutes of anesthesia start time further
reduced occurrence of PONV to undetectable level in such small sample, χ2 (1,
n=60) = 5.14, p = .023. Similar situation was observed with Opioid strategy, χ2 (1,
n=42) = 4.43, p = .035. Such outstanding results need to be interpreted with caution
due to a small sample size and no other studies to support the results. Hypotheses 3.4
was supported.
4.10.5. Summary of acute intoxication on admission effects across all outcomes
In summary, younger males were significantly more often intoxicated at admission.
Clinically, patients who were acutely intoxicated at admission reported more pain than
sober patients but the difference was not statistically significant. Overall, intoxicated
patients received significantly less opioids preoperatively but similar amounts
postoperatively. There were no differences in total postoperative opioid within ARPM
groups. Time required to achieve PACU discharge criteria and ratings of postoperative
pain intensity were similar overall and within each ARPM strategy group. Patients who
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were intoxicated at admission and received Benzo or Opioid strategy did not experience
postoperative nausea and vomiting. In other words, hypotheses 3.1 and 3.2 were supported
only for PONV.
Benzo strategy was the best strategy for intoxicated at admission patients. It reduced
postoperative pain intensity ratings (only clinically significant) and completely eliminated
PONV. Administration of opioids at the end of surgery in absence of benzodiazepines was
the worst strategy for intoxicated patients. Clinically, it was associated with higher pain
ratings and longer time required to achieve PACU discharge criteria. The only advantage
of Opioid strategy was complete elimination of PONV but this advantage was
questionable: (1) acutely intoxicated at admission patients were not prone to PONV and
(2) Benzo strategy also eliminated occurrence of PONV. It is important to note that
complete elimination of PONV should be interpreted with caution due to the relatively
small sample size. In other words, Benzo strategy could be recommended and Opioid
strategy should be avoided in acutely intoxicated at admission patients.

162

CHAPTER 5
DISCUSSION
The chapter begins with a brief synopsis describing what the sample of tibia
fracture related surgery patients experienced during their first 24 hours
postoperatively. Then for each of the outcomes, the findings for each research aim
are summarized and discussed as they pertain to the findings of others. These
findings must also reviewed in light of their strengths and weaknesses, thus the
discussion also addresses limitations of the study before it turns to implication for
nursing. The chapter concludes with suggestions for possible next steps in this line of
research.
5.1 Summary of findings
5.1.1. The first 24 postoperative hours after tibia fracture related surgery
Commonly used anesthesia related pain management strategies were used
on 84% of patients in the sample. An overwhelming majority of the patients
(83.5%) had at least one severe pain rating within the first 24 hours postoperatively.
This finding is comparable to previously reported severe pain intensity ratings in
excess of 75% in surgical population (Grinstein-Cohen, Sarid, Attar, Pilpel, &
Elhayany, 2009; Wu & Raja, 2011). Higher ratings of postoperative pain intensity
are expected after major orthopedic surgery (Ip, Abrishami, Peng, Wong, & Chung,
2009; Mei et al., 2009; Sommer et al., 2008) and acute orthopedic trauma (Clay et
al., 2010).
Patients exhibited astronomical variability in postoperative opioid consumption,
ranging from 4 to 338 milligrams of morphine within the first 24 postoperative hours.
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Even after exclusion of six cases of extremely low consumption (which could be
attributed to peripheral neuropathy) the variability in postoperative opioid consumption
exceeded the previously reported 5-times difference (Khan et al., 2011). This
difference can be explained by differences in population, such as emergency trauma
surgery vs. elective surgery patients.
Time required to achieve PACU discharge criteria ranged from 10 minutes to
over six hours with an average time of 135 minutes. Only 16% of patients were ready
to leave PACU within an hour and 25% were not ready for discharge in excess of three
hours. Research shows that PACU stay in excess of two hours may result in increased
cost (Lalani, Fauziya, & Kanji, 2013). Average PACU stay was approximately four
hours or in two hours after patients were ready for discharge. Two hours delay in this
study exceeded previously reported by Cowie and Corcoran (2012) nonclinical delay
of 70 minutes and warrants closer scrutiny.
Approximately 30 % patient had at least one episode of postoperative nausea and
vomiting within the first 24 postoperative hours. Such high occurrence was worrisome
because tibia fracture related surgeries are not a high risk procedure and PONV. This
finding could have several explanations. Obviously there are multiple scoring models for
predicting risks for PONV (Apfel et al., 2002) and none of them is perfect. Intraoperative
emetics have failed to prevent PONV (discussed later). Also, PONV is not detrimental to
the surgical outcomes. Therefore, “wait and see” strategy is considered appropriate for
low risk patients because rescue antiemetics are always ordered.
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The proportion of patients intoxicated at admission was less (18%) than estimates
often reported in the literature of 32.4% or more (McLeod & Hugerford, 2011; McCabe,
2006). This may be explained by transport from the scene of injury in excess of six hours
for some patients and delay in toxicology screen testing (Bogstrand,	
  Rossow, Normann,
& Ekeberg, 2012). In general, intoxicated patients received less opioids despite higher
pain ratings. This result reflects previously reported (1) negative attitude towards to
alcohol-intoxicated patients among health care professionals (Warren, Sena, Choo, &
Machan, 2012); (2) cross-tolerance between alcohol and opioids (Rathmell et al., 2006),
(3) lack of guidance in opioid dosage specific to history of alcohol use, including
intoxication on admission (Askay, Bombardier, & Patterson, 2009; Rathmell et al., 2006).
5.1.2. Summary of hypothesis testing with postoperative pain intensity
a) Aim 1. Combo strategy was associated with higher ratings of postoperative
pain intensity in comparison to no ARPM strategies.
b) Aim 2. Anesthesia providers preferred Combo strategy in younger patients (in
average 38 years old) to all other approaches. The effects of Combo strategy were likely
to be opposite in direction and similar in magnitude to effects of younger age because
there were no difference in ratings between Combo (or any other ARPM strategy) and
Reference group in personal model. Gender and race did not influence pain intensity.
As expected, patients with pre-existing chronic pain experienced more pain
postoperatively. Psychoactive substance use is frequently cited as contributing factor to
difficulties with pain management (Askay, Bombardier, & Patterson, 2009; Rathmell et
al., 2006). Alcohol intoxication and history of other than alcohol and tobacco
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psychoactive substance use did not translate into higher pain ratings. Only smokers
consistently reported higher postoperative pain ratings in this study. This finding is
consistent with the previous findings (Bot et al., 2014; Yu et al., 2014). Most of transport
records frequently included complaints of pain but pain management interventions were
frequently missing in the records or inadequate. Previous research assessing pain
management during transport for patients suffering fall reported that only patients with
assigned severe pain score were likely to receive opioids but pain assessments were
frequently missing (Infinger & Studnek, 2014). Severe pain (median pain score was 9 on
the NRS in this study) on arrival to the hospital is expected result of such practice. Sadly,
the patients suffering from severe pain on arrival to the hospital (admission to the TRU)
were more likely to suffer from severe pain postoperatively. The overall impression is
that vicious cycle of pain starts before anesthesia providers have a chance to see patients,
even before the time of admission to the hospital. Combo strategy was most frequently
used and the most beneficial among patients with excruciating pain on admission (10 out
of 10 on the NRS): Combo strategy lost its significance in health and illness model.
c) Pharmacology. Pain was more aggressively managed in the PACU as
evidenced by escalating dosages of opioids for the first four hours, but diminished over
the remaining 20 hours. Preceding hour opioid administration diminished the pain
intensity ratings. This study results showed that individual preoperative opioid
requirements and preceding hour opioid consumption were predictive of pain ratings.
However, these differences had little clinical impact. Postoperative adjuvants did not
demonstrate postoperative pain reduction. It can be explained by limited understanding of
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multimodal regimens and their application (Dahl et al., 2014).
d) Aim 3. There were no statistically significant difference in rating of
postoperative pain intensity overall or within each ARPM strategy between intoxicated
and sober patients. Clinically, intoxicated at admission patients reported higher
postoperative pain ratings than sober patients. Intoxicated patients who received Benzo
strategy reported better postoperative pain control than sober patients. The opposite
results were observed for Opioid strategy.
e) Conclusion. Effective pain management should start from the first interaction
with the patient—i.e., at the point of injury if possible. Pain was better controlled in
PACU than on surgical floor which could be attributed to frequency of pain assessments
by nursing staff. Combo strategy was detrimental as evidenced higher ratings of
postoperative pain. However, Combo strategy appeared to be beneficial for yonder
patients and patients with excruciating pain on admission. Benzo strategy was the most
beneficial and Opioid strategy was the worst for intoxicated at admission patients.
5.1.3. Summary of hypothesis testing with total postoperative opioid
consumption
a) Aim 1. Highly skewed opioid consumption for the first 24 postoperative
hours and uncertain analgesic efficacy was consistent with previously reported results
(Moore, Mhuircheartaig, Derry, & McQuay, 2011). APRM strategies made no difference
in total opioid consumption for the first 24 postoperative hours.
b) Aim 2. There were no disparities in pain management noted based on race or
gender. Consistently with the literature (Keita et al., 2008; Yen et al., 2010), younger
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patients and females had significantly higher total postoperative opioid consumption over
24-hours period. No literature was found regarding preoperative intubation and its effects
on postoperative pain. Preoperative intubation is usually reserved for physiologically
unstable patients (for conditions such as acute mental status change, including acute
intoxication, cardiovascular or/and respiratory compromise) (Beasley et al., 2014).
Intubation in the TRU was significantly associated with postoperative request for the
Acute Pain Service evaluation (due to difficulties with controlling pain), which in turn
frequently resulted in PCA utilization and higher postoperative opioid consumption.
Psychoactive substance use other than alcohol and tobacco was predictive of
higher opioid consumption. Contrary to the literature (Ip et al., 2009; Kalkman et al.,
2003) chronic pain was not a predictor of total opioid consumption for the first
postoperative 24 hours. This can be partially explained by small number of patients with
pre-existing chronic pain in the sample in combination with the fact that opioid
administration was insufficient in general, and further exaggerated by gaps in opioid
administration.
c) Pharmacology. As expected, higher preoperative opioid consumption was
predictive of higher postoperative opioid consumption but clinical significance of this
finding was negligible. Total postoperative opioid consumption was significantly
distorted by opioid gaps. One-third of the patients had at least one gap three or more
hours in duration. Longer opioid gaps dramatically reduced opioid consumption for all
patients regardless of strategy used. Opioid gaps up to 5.5 hours after discharge from
PACU with no increase in occurrence of severe pain were previously reported (Wilding,
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Manias, Diarmuid, & McCoy, 2009). The difference in finding can be attributed to the
difference in the time frames after PACU discharge, 5.5 vs. 20 hours. It is desirable to
develop a program which monitors average opioid consumption by patient (based on the
average duration of action of particular opioid) and alert a clinician when the level
practically goes to zero. Postoperative pharmacological adjuvants (such as
acetaminophen, NSAIDs, muscle relaxants and anticonvulsants) are usually given for
their opioids-sparing effects. However, it was not observed in this study. There are two
possible explanations for this finding. First, prescribers base their selection of the
postoperative analgesics based on the published results of the RCT. Unfortunately, only
25% of the trials specific to the trauma and orthopedic surgery demonstrated acceptable
quality (Montane et al., 2010). Inadequate quality of reporting RCTs on analgesics
potentially resulted in suboptimal choice of pharmacological adjuvants. Second, impact
of frequent opioid gaps of variable duration was greater than adjuvants. Benzodiazepines
given at earlier in preoperative phase were independent predictors of higher total
postoperative opioid consumption. The majority of patients (55.9%) received additional
anxiolytics during preoperative phase. This was likely to be explained by other than pain
management reasons, such as facilitation of preoperative testing, anterograde amnesia,
seizure disorder and psychoactive substance withdrawal prevention. Regardless of the
reasoning behind preoperative benzodiazepines administration it was prudent to believe
that patients treated with anxiolytics had less preoperative anxiety than patients who did
not receive them.
d) Aim 3. Since little is known about differences in the anesthesia related
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outcomes for intoxicated patients they were threated similarly to sober patients, including
ARPM strategy selections. There was no difference in total postoperative opioid
consumption between intoxicated and sober patients.
e) Conclusion. Opioids are the major avenue for pain management but total
postoperative opioid dosing consumption cannot be interpreted as true opioid
requirements. Total postoperative opioid consumption was affected by the duration of
opioid gaps. Opioid titration to clinical effect could represent the best clinical
approximation of true opioid requirements but was limited by the duration of PACU stay
(four hours in average) and was outside the scope of this study. Previously identified
predictors (younger age, PCA and preoperative opioid consumption) were supported in
this study. Intoxicated at admission did not affect total postoperative opioid
consumption.

5.1.4. Summary of hypothesis testing for time to achieve PACU discharge
criteria
a)

Aim 1. Clinically, all ARPM strategies decreased time required to achieve

PACU discharge criteria in comparison to Reference group by 16-31 minutes. Patients
who received benzodiazepines within 90 minutes of anesthesia start (Benzo strategy)
required the least amount of time and the difference in comparison to Reference group.
b)

Aim2. Dealing with patients’ negative emotions and setting up PCA

delayed meeting PACU discharge criteria by 30 minutes. Benzo strategy was rarely
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administered among these patients. Therefore, time savings of Benzo strategy is
questionable.
c)

Pharmacological variables did not affect the relationship.

d)

Aim 3. Acute intoxication at admission did not affect the time required to

achieve PACU discharge criteria. There were two possible explanations. The first
possibility is that individual tailoring of pain management under anesthesia translated to
similar average time to achieve PACU discharge criteria. The second possibility is the
time used for controlling PONV during PACU stay in sober on admission patients was
similar to the time spent to achieve pain control in intoxicated at admission patients.
e)

Conclusion. All three strategies appeared to reduce the time required to

achieve PACU discharge criteria in comparison to the Reference group. However, this
clinically significant result should be interpreted with caution. After taking into
consideration contextual variables (including intoxication at admission) no difference in
the time required to achieve PACU discharge criteria was observed.
5.1.5. Summary of hypothesis testing with occurrence of PONV
a) Aim 1. There was no association found between anesthesia related pain
management strategies and occurrence of postoperative nausea and vomiting. Possibly,
retrospective chart review did not reflect accurate occurrence of postoperative nausea
and vomiting.
b) Aim 2. Female gender was reported as the strongest predictor for PONV in the
current guidelines for treatment of postoperative nausea and vomiting (Gan et al.,
2014) but the relationship between gender and occurrence of PONV was not
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significant in this study. Careful individual selection of the ARPM strategies as well
as other components of intraoperative anesthesia (discussed in the pharmacology
section) possibly decreased this risk to such degree that females and males had similar
occurrence of PONV.
Younger age was reported to be the third strongest predictor for PONV (Gan et al.,
2014) and was not supported in this study. On the other hand, race contributed to
occurrence of PONV where whites more prone to postoperative nausea and vomiting.
No literature was found regarding preoperative intubation and postoperative nausea and
vomiting but intubated in the TRU patients were more likely to suffer from PONV.
Consistently with the literature (Apfel et al., 2012; Dolin & Cashman, 2005; Gan,
2006; Gan et al., 2014) duration of anesthesia was an independent risk factors in
occurrence in PONV. Healthy patients (ASA I) were significantly more prone to
postoperative nausea and vomiting. Combo strategy reduced the risk of PONV.
c) Pharmacology. This is in agreement with the published Guidelines for the
Management of Postoperative Nausea and Vomiting (Gan et al., 2014). Well known
nausea provoking properties nitrous oxide were confirmed in this study (increased
likelihood of PONV occurrence more than three times) even it was used only in one
third of the cases (34.7%). Considering low cost of generic antiemetics, administration
of at least one intraoperative antiemetic is recommended for all patients (Gan et al.,
2014). Intraoperative antiemetics were given to almost two-thirds of the patients
(62.0%), but their effect was negligible in this study. This could be partially explained
by underestimation of emetogenic effects of N2O: only half of patients (49.4%) who
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had N2O as a component of their anesthesia received intraoperative antiemetics.
Periodic refreshment in-service related PONV prevention can be recommended. Many
anesthesia providers believed in antiemetic properties of benzodiazepines as evidenced
by significantly less frequent administration of intraoperative antiemetics in patients
who received Benzo strategy (no longer acting opioids at the end of surgery). There is a
controversy regarding the role of neostigmine in occurrence in PONV. In this study,
the administration of neostigmine made no statistically significant difference in the
outcome. Contrary to the literature (Fisher et al., 2008; Ozgencil, Yalcil, Tuna,
Yorukoglu, & Kecik, 2011), postoperative pharmacological adjuvants decreased
occurrence of PONV. Total postoperative opioid consumption was not a risk factor for
PONV in this sample. It can be explained by two interdependent factors: suboptimal
doses of postoperative opioids and opioid gaps.
d) Aim 3. Intoxicated at admission patients rarely experienced PONV in
this study. While no clinical trial directly explored the relationship between an acute
intoxication and PONV, postoperative alcohol vapor inhalation is known to reduce
the need for rescue anti-emetics (Hines, Steels, Chang, & Gibbons, 2012).
e) Conclusion. Postoperative nausea and vomiting is a relatively well studied
phenomenon and most of influential factors in this study corresponded with the existing
literature: age, gender, duration of anesthesia and nitrous oxide. However, impact of
smoking and intraoperative antiemetic administration was not large enough to be
detected in this sample. Preoperative intubation and acute intoxication on admission
were
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identified as new influential factors. Combo strategy offered significantly
better protection against PONV in comparison to Reference. Intoxication on
admission reduced occurrence of PONV.
5.2 Strengths & Limitations of the study
Anesthesia care providers are constantly searching for practices that
enhance patients’ perioperative experience and constraint cost. However, all studies
have their limitations. Below are some of the limitations of the current study.
5.2.1. Design
There were several obvious limitations. Since this study was observational,
causal inference and interpretation could be obscured by the selection of influencing
variables. Second, because this study used a retrospective chart review, the large
proportion of missing information could affect the study results. The weakness of a
retrospective case series is the inability to ensure that study groups are comparable at
the baseline (Healy & Devane, 2011). Therefore, descriptive statistics for baseline
characteristics of the four subgroups of the patients according to the anesthesia related
pain management strategies were examined to check for balance across those groups.
Groups differences were noted on several features and models including covariates for
many of the features attempted to control for possible group differences. The literature
shows nonrandomized studies are frequently used to address the comparative
effectiveness of the treatments received if randomization is not feasible. In addition,
Chou (2008) states that high-quality observational studies are more appropriate for
evaluating daily commonly used strategies than randomized trials.
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Ideally, a randomized control trial would be the most powerful design.
Practically, very few specific to trauma and orthopedic surgery RCT were well designed
and could report adequate statistical analysis, which precluded conducting metaanalysis (Montane
et al., 2006). Also, the literature shows nonrandomized studies are frequently used to
address the comparative effectiveness of the treatments received if randomization is
not feasible. In addition, Chou (2008) states that high-quality observational studies are
more appropriate for evaluating daily commonly used strategies than randomized
trials.
Relative to a randomized controlled trial, an observational design is prone to
selection and information bias, in addition to the effects of confounding variables
which may distort the findings (Manchikanti, Datta, Smith, & Hirsch, 2009). Selection
bias is a difference in probabilities of being included in the study sample according to
relevant study characteristics which may distort the exposure-outcome relationship
(Szklo & Nieto, 2007). Selection of patients admitted during the most recent years
may or may not change the sample characteristics due to larger degree of
computerization of patients records and changes in the collected information.
Information bias is a systematic tendency to misclassify exposure, or outcome, or both.
Drastic reduction in floor pain assessments and specifics of the nursing documentation
possibly inflated average hourly ratings of postoperative pain. In addition, rescue
antiemetic administration in the first 24 postoperative hours was used as a proxy for the
occurrence of PONV which based on variable threshold for treating nausea and
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vomiting and variable frequency of observations among nurses .On the other hand, this
study design presented a rare opportunity to get insight into the role of actual discharge
from PACU, opioid gaps and preoperative intubation in the pain management. It would
not be possible with RCT or prospective design for multiple, including ethical reasons.
5.2.2. Sample
O’Toole and colleagues (2009) performed a study on tibia shaft fractures from
January 1, 2003, to August 15, 2005, at the Adams Cowley Shock Trauma Center on a
sample of 386 consecutive patients, and they found that more than 70% of the patients
were males, almost 45% of the fractures were open, and the average age was 37 years
old. The typical patient in this study had similar descriptive characteristics: 67% of the
patients were males, 43% of the fractures were open, and the average age was 42 years
old. The data were collected on consecutive patients who were admitted to the same
trauma center over similar period of time. The difference in the sample size was due to
differences in the studies purposes and resulting additional exclusion criteria. Overall,
sample characteristics were representative of traumatic tibia fracture population (with
or without concurrent fibula fracture).
The investigator had limited control over the approach to sampling of the
population and over the nature and the quality of the data. Relatively small sample size
within each strategy possibly was inadequate to identify all effects of contextual
variables. In addition, interactions were excluded from the analysis due to the sample size
limitations.
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5.2.3. Measures
Patient records were the solely source of data. The application of general principle
of evaluation and management of clinical documentation “if it wasn’t documented, it
hadn’t been done” increased the probability of missing data, such as medication
administration, including postoperative antemetics (a proxy for occurrence of PONV) and
postoperative opioids. Also, potential deficiencies in documenting mild pain on floor
(discussed in section 5.1.2) could cause hourly average pain estimates converge to higher
value than the true sample value and lead to erroneous conclusion that effect exists (type
I error). If psychiatric history was not available during the initial evaluation (such as in
case of acute intoxication) and patient did not have psychoactive substance abuse
concerns, then the history of anxiety and depression could be missed and estimates of
their effects converged to a lower than their true sample value, increasing odds of
erroneously concluding that negative emotions did not affect outcomes (Type II error).
Finally, there were some variables, such as variability in perioperative anxiety levels,
which could influence postoperative pain intensity, but were not available for inclusion in
this study.
The advantage of abstracting predictors from medical records was an opportunity
to examine a common nursing practice of approximating “asleep” assessment to no pain
or “0” on the numeric rating scale. The pain intensity was assessed and recorded within a
short time by members of interdisciplinary team reduced recall biases. The largest
number of sleeping patients was observed during the very first 4-hour period and
explained by the residual effects of inhalation agents in addition to better pain
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management. However, the population average pain rating remained essentially the same
during entire 24-hours period. Therefore, such practice appeared to be totally acceptable
in a sample of 200 patients or more even if the individual average pain rating were
affected.
5.2.4. Analysis
Majority of studies investigating association between postoperative pain
intensity or opioid consumption and independent predictors employed multiple
regression (Wermer Mjobo, Nielsen, & Rudin, 2010). Multivariate regression models
did not address interactions. Evaluation of effects of pain management strategies on the
selected outcomes is conditional in nature. In other words, the effects of pain
management strategy depend on selection of predictors and their interactions,
including resulting effect of predictors with different directions and magnitude.
Exclusion of interactions from the regression model can compromise predictive
abilities of the model and dramatically change interpretation of each influential factor
contribution into the selected outcomes. For example, intraoperative antiemetics were
significantly associated with N2O administration. However, their interactions were
omitted in the harmacological PONV model and potentially caused type II error.
5.3 Implications for Nursing
Research demonstrated that inconsistencies in nursing documentation pose a
serious problem for multidisciplinary pain management research. For example,
sufficient amount of mild pain assessments was available only within the very first four
postoperative hours which coincided with the actual duration of PACU stay. However,
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pain management documentation is labor intense nursing activity. In fact, at least 10%
of nursing activities are devoted to pain management (Samuels & Manworren, 2014).
Increased number of patients per nurse on surgical floors in comparison to PACU
overwhelms nursing staff with multiple responsibilities, as evidenced by decrease in
pain assessments. Samuels and Manworren (2014) suggested that pain assessment
frequency can be decreased in patients who consistently report pain ≤ 4 on the NRS and
increased for all other patients. Such cost-effective practice was observed in this study.
Use of the model helps to put in perspective the research findings. Professional
guidelines, institutional policies, and computerized data records are all targeted to
improve pain assessment and documentation by nursing staff. The UCSF-SMM
implies that postoperative pain (symptom) management is a shared responsibility
between health care providers (who are responsible for pain assessment and
documentation) and the patient (who reports pain intensity on the numeric rating
scale). Currently, patients’ participation is limited to passive self-report. According to
the UCSF-SMM, patients’ active participation is an integral part of their pain
management, therefore, patients can and should provide their own pain ratings into the
computerized data records (CDR) on the floors (where nurses have ≥ 5 more patients).
The bedside call bell is ideal location for pain rating input. The initial patient input
should be sought at the admission during the orientation to the room. Such practice
would minimize transcription error, capture more pain ratings and increase patients’
sense of control. Second, the CDR should alert nurses if pain rating exceeds 4/10 on
the NRS. Third, the CDR is able to provide dual
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feedback (patient and nurse) if no pain ratings have been documented in excess of 4
hours with a reasonable interval reminders (such as 15 minutes). Fourth, the CDR is
able to calculate opioid gaps (based on the average duration of action of individual
drugs) and send alert to the primary nurse which intervene based on the following the
alert pain assessment.
5.4 Recommendations for future studies
Anesthesia care providers are constantly searching for practices that enhance
patients’ perioperative experience. This is the first study in perioperative pain
management and related outcome for non-life-threatening orthopedic injuries with little
precedence in the literature. Follow up studies are essential to broaden the knowledge
base and improve perioperative pain management for these patients.
Onservational studies from Level I trauma centers provide a valuable insight
into effects of alcohol intoxication at admission. This study demonstrated that patients
intoxicated at admission were significantly more frequently intubated preoperatively in
the TRU, most likely due disruptive behavior interfering with the assessment and
treatments of their injuries. Lank and Crandall (2014) found lower intubation rate
among intoxicated at admission patients, but their sample included only older adult
aged 55 years and older. Preoperative intubation had postoperative sequelae in this
study. Future studies can further explore sequelae of preoperative intubation on
postoperative outcomes in trauma patients.
5.5 Conclusion
Effective pain management is a multidisciplinary effort and should start from
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the first interaction with the patient—i.e., at the point of injury if possible. Anesthesia
providers’ effectively contribute to pain management with ARPM strategies.
However, one strategy may be the most effective for one outcome but not the other. In
general, this study suggests the following:
!

Benzo strategy was the most appropriate for patients intoxicated at admission.

Benzodiazepines within 90 minutes of anesthesia start provided better postoperative
pain ratings and complete elimination of PONV. These remarkable results were
achieved without increases in time required to achieve PACU discharge criteria or
total postoperative opioid consumption.
!

Opioid strategy was the worst for patients intoxicated at admission because of

higher ratings of postoperative pain intensity. The strategy eliminated occurrence of
PONV, but the same result was achieved with the Benzo strategy.
!

Combo strategy was associated the higher rating of postoperative pain intensity

but the least with PONV. Considering, that many patients consider nausea as distressing
as pain it is a difficult choice. It can be reserved for high risk PONV patients, younger
patients and patients admitted with excruciating pain.
Intoxication at admission was associated with decreased occurrence of PONV.
There were two unexpected findings. First, even a single dose of benzodiazepines
given at earlier stages of preoperative phase was predictive of higher postoperative
opioid consumption. Second, preoperative intubation was predictive of postoperative
outcomes.
Data for this study highlighted some old problems, such as postoperative pain
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documentation. The University of California, San Francisco, Symptom Management
Model (2001 revision) is applicable for multidisciplinary pain management research.
Analysis of data based on this model offers a fresh look to the old problems and new
possible solutions, such as increased involvement of IT into the pain assessment and
documentation. Postoperative pain management after major orthopedic surgeries
heavily relies on opioids. Software generated recommendations based on the
preoperative opioids consumption and average duration of action of commonly used
opioids would help to prescribe individualized pain management regimen without
compromising patient safety and increasing burden on the nursing staff.
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APPENDIX A
FIGURES
Figure 1: The Gate Control Theory Theoretical Model. (a) Pain stimulation
excites S- fibers; this opens the spinal gate, and pain signals are sent by way of
the spinal cord to the brain. (b) Pain stimulation excites S-fibers; however,
nonpainful stimulation also excites L-fibers, which override S-fibers activity.
This closes the spinal gate and reduces
pain. (c) Pain stimulation excites S-fibers; however, the central control
mechanism in the brain is activated by cognitive-emotional factors, which send
neuronal signals down. This closes the spinal gate and reduces pain.
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Figure 2: Balance between Analgesia and Side Effects Theoretical Model

Figure 3: The Theory of Unpleasant Symptoms Theoretical Model. Copied from
Lenz, Pugh, Milligan, Gift, & Suppe, 1997
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Figure 4: Adjuvant selection.

Figure5. Numerical Rating Pain Scale (A Pain Assessment Tool for the Person in Pain).
Copied from: Acute Pain Management: Operative or Medical Procedures and Trauma,
Clinical Practice Guideline No. 1. AHCPR Publication No. 92-0032; February 1992.
Agency for Healthcare Research & Quality, Rockville, MD; pages 116-117.
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APPENDIX C
DATA TABLES
Data abstraction interactive form in Excel
Preoperative phase data:
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Intraoperative phase data:
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Postoperative phase data
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