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ABSTRACT 
 

 
A high opioid technique has been used for many years during the care of cardiac surgery 
patients. In recent years, there has been a growing focus on opioid over-prescription and usage 
secondary to the opioid epidemic in our country. In response to this epidemic, many healthcare 
professionals are trying to integrate alternatives to opioids when treating pain. Both 
acetaminophen and dexmedetomidine have been recognized as potential adjuncts to general 
anesthesia and post-operative pain control. There is limited research on the usage of both 
acetaminophen and dexmedetomidine for perioperative pain management in cardiac surgery 
patients. This study investigated how the integration of two opioid alternatives, acetaminophen 
and dexmedetomidine, impacted the cardiac surgery patient.  Specifically, the study evaluated 
how these alternatives impacted total opioid consumption throughout the perioperative timeline. 
The study also investigated how the integration of these medications impacted the cardiovascular 
and respiratory status. 
 
This research study was conducted using an observational design to evaluate the impact of an 
implemented pain protocol involving acetaminophen and dexmedetomidine in the review of 
records of 264 cardiac surgery patients. The charts of patients who received the pain protocol 
were reviewed and compared to those who did not receive the protocol by conducting a 
retrospective, chart review. The charts were reviewed comparing the control group, which 
received cardiac surgery prior to the implementation of the new pain protocol, with the 
experimental group, which received cardiac surgery during the alternative pain protocol 
implementation. This study determined that patients who received the alternative pain protocol 
involving dexmedetomidine and acetaminophen, required a significantly lower number of 
opioids in the operating room (p < .001), during their entire hospital stay (p = .03) and upon 
discharge (p < .001). These patients also required epicardial pacing significantly more than the 
control group (p= <.001). Although mechanical ventilation time was not significantly increased 
in the intervention group, there was a significant increase in total postoperative length of stay (p 
<.001). In order to better understand and generalize these findings, a prospective, double-blinded 
study that involves different cardiac surgeries in multiple large institutions across the country is 
recommended for future studies. 
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CHAPTER 1: INTRODUCTION 

 

Introduction  

 

Opioids have been used for many years in the perioperative arena in the cardiac surgery 

population. Nationwide, opioid over-prescription and usage has recently been of great concern 

due to the opioid addiction epidemic in our country. Many healthcare professionals, including 

Certified Registered Nurse Anesthetists (CRNAs), are trying to combat the epidemic by 

integrating alternatives, such as acetaminophen and dexmedetomidine, to opioids in their 

practice. There is currently very little research on the usage of opioid alternatives for pain 

management, specifically in the cardiac surgery population. Further knowledge of the safety and 

possible benefits of the integration of acetaminophen and dexmedetomidine in cardiac surgery 

will allow CRNAs to be a vital asset in an attempt to combat the current opioid epidemic in the 

United States. 

 

Problem Statement 

 

The use of acetaminophen and dexmedetomidine have been found to be beneficial in pain 

management in other patient populations such as spinal surgery1. However, it is unknown if the 

use of opioid alternatives in the cardiac surgery population is effective in decreasing the total 

amount of opioid prescribed during the perioperative timeline. In addition, the postoperative 

cardiovascular and respiratory outcomes of an opioid alternative in the cardiac surgery 

population have not been well established2. 
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Purpose of Study  

 

The purpose of this study is to evaluate the effect of the integration of both 

acetaminophen and dexmedetomidine in the cardiac surgery patient population. Specifically, the 

research goals are 1) to determine the impact of the use of opioid alternatives on the amount of 

opioid used in conjunction with the implemented alternative pain management plan; and 2) to 

determine the effects of the use of the alternative pain management plan on the patients’ 

postoperative cardiovascular and respiratory status. 

 

Research Questions 

 

The research questions for this study are:  

1. What impact did the integration of the opioid alternatives, acetaminophen and 

dexmedetomidine, during cardiac surgery have on the total amount of opioids 

prescribed to the patient during the perioperative period?  

2. Did the use of opioid alternatives, acetaminophen and dexmedetomidine, in 

the cardiac surgery population impact the patients’ postoperative 

cardiovascular and respiratory status?  

 

Definitions  

 

 For the purpose of this study, the following terms and definitions were used. 
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Conceptual Definitions  

1. Opioids: Opioids are defined as natural and synthetic substances used to produce  

analgesia by binding to opioid receptors in the body3.  

2. Opioid alternatives: Opioid alternatives are defined as methods used for alleviating 

 pain that do not include the use of opioid substances. Alternatives can include

 pharmacologic and non-pharmacologic options4. For the purposes of this study,  

pharmacologic alternatives are defined as the non-opioid analgesic, acetaminophen and

 the alpha-2 agonist, dexmedetomidine.  

3. Cardiovascular status: Cardiovascular status is defined through the assessment of 

various cardiovascular system indicators in an individual to ensure adequate blood flow 

to vital organs of the body. For the purpose of this study, indicators for cardiovascular 

status are defined as the requirement for epicardial pacing and the administration of 

midodrine postoperatively.  

4. Respiratory status: Respiratory status is defined through the assessment of various

 respiratory system indicators in an individual to ensure adequate oxygenation and

 ventilation necessary to sustain life. For the purpose of this study, indicators for

 respiratory status are defined as the duration of required mechanical ventilation.  

 

Operational Definitions  

 1. Opioids: Opioids were measured as any opioid-agonist medication used during the 

 perioperative timeline including: codeine, fentanyl, hydrocodone, meperidine, 

 methadone, morphine, oxycodone, oxymorphone and tramadol.  For data collection 

 purposes, all medication dosage amounts were converted to oral morphine equivalents.  



 4 
 

 2. Opioid alternatives: Opioid alternatives were measured as the medications   

  acetaminophen and dexmedetomidine used during the perioperative timeline. These 

 medications were administered to the patient during the cardiac surgical procedure  

  timeline. For data collection purposes, and the occurrence of a dexmedetomidine  

 infusion, the occurrence of intravenous (IV) acetaminophen and the total dosage of oral 

 acetaminophen to the patient were collected.  

3. Cardiovascular status: Cardiovascular status were measured as the occurrence of 

epicardial pacing and the administration of midodrine postoperatively. 

4. Respiratory status: Respiratory status were measured as the amount of time the cardiac 

surgery patient remained intubated postoperatively. For data collection purposes, the 

amount of time was measured in hours.  
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CHAPTER 2: REVIEW OF LITERATURE 

 

Review of Literature 

 

 Opioid agents are often used by anesthesia providers during cardiovascular surgery 

procedures. These agents have been used for many years to help aid in providing analgesia as 

well as blunting the cardiovascular responses to endotracheal intubation and stimuli associated 

with the surgical procedure. With an increased awareness of the opioid addiction crisis in the 

United States, many practitioners nationwide are taking action to help eliminate the incidence 

and consequences of opioid addiction and abuse. The reduction in the prescription and the 

administration of opioids in the healthcare setting has become a very focused topic amongst 

healthcare providers. Given that opioids have been routinely used for cardiac anesthesia, 

evidence- based research is imperative in determining if alternatives to opioids are appropriate 

and safe in this patient population.  

 

Opioids  

 

 Synthetic opioids such as fentanyl, and its analogs, sufentanil and alfentanil, are 

commonly used in cardiovascular surgery due to their cardiac stability and analgesic effects. The 

opioids work in the brain, spinal cord and periphery5 through agonistic properties at opioid 

receptors. This agonism results in an overall decrease in neurotransmission at the opioid receptor 

sites through hyperpolarization3. The decrease in transmission of pain signals in the brain, spinal 

cord and periphery leads to analgesia6. This analgesia is the ultimate desired effect of opioids. 

However, in addition to analgesia, opioids have various side effects that impact anesthetic 
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practice when administered. Such side effects include impacts on the patient’s consciousness, 

hemodynamics, respiratory system, and the development of physical addiction.  

 Opioids are often used in conjunction with other anesthetics for all types of surgical 

procedures to supplement the delivery of general anesthesia. Vuyk, et al. determined that when 

alfentanil and Propofol, a common induction agent, were used in conjunction with each other, a 

synergistic effect occurred7. The amount of Propofol required for the loss of consciousness and 

loss of lash reflex in 20 general surgery, American Society of Anesthesiologists (ASA) physical 

status I patients significantly decreased (p <0.05) when alfentanil was simultaneously 

administered during induction8. Propofol negatively impacts the cardiovascular system by 

decreasing peripheral vascular resistance and producing a negative inotropic effect9. By 

decreasing the necessary amount of Propofol required for loss of consciousness, alfentanil 

allowed for less negative cardiovascular effects.  

In 1998, Daniel, et al. studied the impact on the sympathetic response to surgical incision 

when fentanyl was added to a desflurane and an isoflurane anesthetic to general surgery cases of 

71, ASA physical status I or II patients10. This study determined that the administration of 

fentanyl boluses significantly decreased the minimum alveolar concentration (MAC) 

requirements for both Desflurane (p <0.05) and Isoflurane (p <0.05) in attenuating a sympathetic 

response to surgical stimuli10. Stevens, et al. determined that with increased delivered 

concentration of isoflurane, there was a decrease in peripheral vascular resistance and arterial 

blood pressure11.  Over the years, opioids have been proven to be beneficial in offsetting 

cardiovascular side effects associated with agents used for general anesthesia3 7 8 10 12 13.  

Fentanyl is beneficial in blunting the sympathetic responses to stimuli, such as direct 

laryngoscopy and surgical incision, while maintaining cardiac contractility as it lacks direct 

myocardial depressant effects14. Such sympathetic responses to stimuli include hypertension and 
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tachycardia14.  Of note, opioids can cause a marked, dose dependent, bradycardia through the 

depression of the baroreceptor response, and therefore can decrease cardiac output3. This effect 

is often considered when administering other agents that may also cause a decrease in heart rate 

or cardiac output.  

Opioids can also significantly depress the respiratory system by directly impacting 

respiratory centers in the brainstem and can cause chest wall rigidity3. This depression 

specifically involves a decrease in respiratory rate, leading to hypoxemia and hypercarbia15.  

These effects must be considered when providing opioid anesthesia to cardiac surgery patients. 

Other anesthetic agents used during general anesthesia also decrease ventilation and can cause a 

synergistic respiratory depression16. Skeletal muscle rigidity is a side effect of opioids that can 

impact the chest wall and result in difficulty in manually ventilating a patient. A 30 patient study 

investigating chest wall rigidity in elective cardiac surgery patients by Bennett, et al. found a 

93% incidence (p <0.05) of ventilation difficulty after the administration of 3mcg/kg of 

sufentanil during induction of general anesthesia17.  

During general anesthesia, respiratory depression and chest wall rigidity can be mitigated 

by endotracheal intubation and mechanical ventilation. The return of airway reflexes and 

respiratory drive is a main concern for determining when a patient can safely be extubated. Thus, 

the doses of opioid and other anesthetics administered to the patient during the cardiac surgery 

case can impact the length of time the patient requires intubation. In the early 1990s, cardiac 

surgery centers began focusing on practices that could lead to earlier hospital discharge, or ‘fast 

tracking’18. One such method was to include faster acting medications, less opioid administration 

and implementation of a multi-modal pain management protocol to decrease the necessary length 

of stay required secondary to prolonged intubation18.  
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Opioids have additional side effects that impact the patient’s anesthetic and surgical 

experiences, these include: nausea and vomiting, delayed gastric motility, constipation, tolerance 

and physical dependence12.  Roberts, et al. conducted a prospective study in 2005 involving 193 

elderly, general surgical inpatients, and determined the incidence of postoperative nausea and 

vomiting (PONV) and significant risk factors19. This study determined there was a 23.8% 

incidence of postoperative vomiting (POV) and a 51.2% incidence of postoperative nausea 

(PON)19. The researchers also identified a dose-dependent relationship between postoperative 

opioid use and both POV (p <0.01) and PON (p=0.01)19. PONV is highly important to the 

quality of patient’s surgical and anesthetic experiences20. In a 195- patient survey at Stanford 

University Medical Center, conducted by Macario, et al. examining both general surgery 

inpatients’ and outpatients’ preferences for postoperative anesthesia outcomes, the most 

significant undesirable outcome listed by patients was vomiting (p <0.0001)21. In addition, 

PONV may result in a delay in discharge secondary to increased rates of postoperative 

complications including dehydration and electrolyte imbalance22. 

Decreased gastric motility and constipation are also common and potential side effects 

associated with the use of opioids12. Constipation results from the activation of mu receptors in 

the gastrointestinal tract23. Decreased gastrointestinal tract activity secondary to opioid usage 

occurs so often, that opioid agonists have been used as a treatment for diarrhea and irritable 

bowel disorders24. During the 2004 international National Health and Wellness Survey (NHWS), 

an internet questionnaire was conducted by Bell, et al.24 The researchers determined that 359 of 

the 2430 participants who received opioids for more than 6 months, reported opioid induced 

constipation24. The results showed that the incidence of opioid induced constipation resulted in 

statistically significant increases in both physician visits (p <0.05) and alternative provider visits 
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(p <0.05)24. Constipation has been linked to other potential postoperative complications 

including decreased pain control, hemorrhoid formation and bowel obstruction12.  

It is well known that with continued use of opioids, tolerance and dependence can occur12 

25. If pain is not controlled postoperatively, both acute and chronic opioid administration can 

result in patients developing a tolerance to the analgesic effects12. With diminished response to 

opioid analgesia, an increased opioid dosage may be required secondary to upregulation of 

opioid receptors12. Additionally, acute pain, if not controlled, can progress to chronic pain26. This 

progression from acute to chronic pain, in conjunction with increased dosage requirements of 

opioids, can lead to opioid dependence and addiction25. Whether a patient develops a tolerance, 

dependence or addiction, continued use of opioids can result in a higher incidence of negative 

opioid associated side effects. A multimodal pain management approach may allow for the 

elimination or decreased amount of opioids administered to the cardiac surgery patient and 

therefore, prevent the potential negative side effects associated with opioid usage. 

 

Opioids in Cardiovascular Surgery 

 

In the cardiac anesthesia arena, opioids at high doses have been used both as the sole 

anesthetic and in conjunction with other anesthetics to promote cardiovascular stability13. The 

use of high dose opioids in cardiac anesthesia has been shown to provide hemodynamic stability 

for many years in literature and in practice13 27 28 29 30.   

Dating back to 1969, Lowenstein, et al. studied the usage of morphine, the opioid class 

prototype, in 7 cardiac surgery patients with aortic stenosis and compared their hemodynamics 

during surgery with 8 non-cardiac disease or surgery patients27. The researchers observed that 

there were no significant changes in  blood pressure or pulse between the aortic stenosis patients 
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and the non-cardiac disease patients who received morphine27.  The researchers did observe 

significant increases in cardiac index, stroke index, pulmonary artery and central venous 

pressures (p <0.01) and a significant decrease in systemic vascular resistance (p <0.01) in the 

aortic stenosis patients compared to the non-cardiac disease patients27. The researchers 

concluded that the use of morphine in cardiac disease patients can cause a decrease in systemic 

vascular resistance, but that the drug promoted hemodynamic stability through the maintenance 

of  physiologic compensatory mechanisms, deeming morphine a hemodynamically stable drug 

choice for the cardiac surgery population27.  

Compared to morphine, fentanyl has a more cardiac stable profile, it does not lead to 

release of histamine, often seen with morphine administration. Therefore, fentanyl does not 

decrease peripheral vascular resistance or mean arterial pressure31. Fentanyl as well as other 

synthetic opioids, such as sufentanil and alfentanil, are frequently used for their hemodynamic 

stability in cardiac surgery anesthesia13. 

In 1982, Sebel, et al. investigated the use of alfentanil during cardiac artery surgery in 

thirty adult patients who did not take beta blockers13. The researchers concluded that there were 

no statistically significant differences in hemodynamics during induction, intubation, incision or 

sternotomy compared with baseline values. They examined a variety of parameters including,  

systolic blood pressure, diastolic blood pressure, mean pressure, central venous pressure (CVP), 

pulmonary artery pressure, pulmonary wedge pressure, cardiac index, stroke index, heart rate, 

peripheral resistance, left ventricular stroke work index and pulmonary vascular resistance13.   

More recent studies have also concluded that opioids maintain hemodynamic stability 

and control in the cardiac surgery population. Thomson, et al. compared the impacts of fentanyl 

and sufentanil on the heart rate, mean arterial pressure (MAP) and CVP in twenty-one coronary 



 11 
 

artery bypass patients29. The researchers observed that there were no significant differences in 

the measured hemodynamic indicators for patients receiving either fentanyl or sufentanil29.  

In 2001, McPherson, et al. studied the effects of opioids on embryonic chick 

cardiomyocytes during ischemia and reperfusion. The researchers concluded that opioids 

significantly attenuated (p <0.05) oxidant stress secondary to cardiomyocyte ischemia in the 

chicks32. This effect can help prevent myocardial ischemia in the cardiac surgery patient under 

general anesthesia. Due to their cardiovascular properties, opioids are ideal for providing 

anesthesia and analgesia to the cardiac surgery patient. Thus, the use of opioids in cardiac 

anesthesia has been the standard for many years.  

Alternative options involving less opioid usage or multimodal adjuncts to opioids in 

cardiac surgery have been far less researched in regard to maintenance of hemodynamic stability 

during cardiac surgery. We must determine if the long-standing practice of opioid anesthesia in 

cardiac surgery is still the safest option for our patients as the opioid addiction epidemic 

continues to be of major concern to the United States of America (US).  

 

The Opioid Epidemic  

 

Currently, the use and abuse rates of opioids, leading to overdose is of great concern in 

the US. The number of opioid overdoses and death has significantly increased over the years33 34 

35. It has been reported by the CDC that from the years 2000 to 2014, opioid related overdoses 

have increased by 137% and the incidence of opioid related deaths has increased by 200%33. 

Reports from the Drug Abuse Warning Network (DAWN) concluded that in 2009, prescription 

opioid overdose resulted in more hospital visits, inpatient admissions and mortality rates 
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compared to heroin19. This continued high incidence of opioid abuse and misuse negatively 

impacts the individual and society.  

Additionally, there is a significant economic burden involved with the crisis. In 2013, 

Inocencio, et al. examined direct and indirect costs involved with opioid poisonings35. Direct 

costs involved emergency department and inpatient hospitalization costs, while indirect costs 

were considered the recovery time required from the emergency department (2 days post 

discharge) and inpatient hospitalizations (7 days post discharge). The study concluded that direct 

costs per prescription opioid poisoning were $4,255 and the total indirect costs were $34,82535. 

The total yearly cost for prescription opioid related poisoning was reported at $20.4 billion35.  

There are many factors that contribute to the high incidence of opioid related abuse, 

hospitalizations and fatalities. A direct factor is the over-prescription and administration of 

opioids to patients by healthcare professionals36. The availability of prescription opioids to the 

public is dependent on the amount of opioids prescribed by health care providers. In 2015 there 

were 240 million opioid prescriptions written for patients in the United States34. In a study of 

Hill, et al. findings concluded that out of 642 outpatient surgery patients, only 28% of the 

prescribed opioid medications were taken36. With a large majority of the prescribed medications 

not being used, there is an increased risk of the medications being misused or abused. A 

multimodal pain management protocol could result in providers prescribing less opioid pain 

medications, therefore, decreasing the amount of unused prescription opioids available to the 

public. 
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Opioid Alternatives  

 

Acetaminophen  

 Acetaminophen is a non-opioid medication that has analgesic and antipyretic features. 

The mechanism of action of acetaminophen is poorly understood, but there is belief that the 

medication works by inhibiting COX-3 and impacts the neurotransmission of N-methyl-D-

asparate (NMDA)37. Oral, rectal and IV preparations are available for administration in the 

United States37.  IV Acetaminophen has been considered ideal for administration 

intraoperatively, as well as in immediate post-operative patients, due to less incidence of 

decreased gastric motility and constipation after general anesthesia compared to opioids38. 

However, acetaminophen must be used cautiously in patients with liver disease as it can cause 

liver failure and toxicity at doses greater than 2 grams per day37. Other than its analgesic and 

antipyretic effects, acetaminophen has a very cardiac and respiratory safe profile. IV 

Acetaminophen is also useful in the cardiac surgery population because it has little negative 

impact on platelet function and renal function38.  

 The integration of IV acetaminophen in cardiac anesthesia as an adjunct for perioperative 

pain management has been of recent interest. In a 2012-2013 study, Jelacic, et al. examined the 

effect of the administration of IV acetaminophen in the reduction of opioid usage in cardiac 

surgery38. The study concluded that the use of IV acetaminophen resulted in a 27% significant 

reduction in opioid usage for the first 24 hours post-operatively (p=0.024), but the 24-48hr post-

operative period did not show a difference in opioid consumption38.  The integration of 

acetaminophen did not show a difference in length of intubation or in the incidence of opioid 

side effects such as respiratory depression and sedation38. Although there was a decrease in the 
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amount of opioid use in the first 24 hours, the longer term effects of acetaminophen on the 

patients’ post-operative course was not significant38.  

Petterson, et al. investigated the impact of IV acetaminophen versus PO acetaminophen 

post-operatively after coronary artery bypass grafting (CABG) in eighty patients39. This study 

concluded that opioid use was significantly decreased with concomitant use of IV acetaminophen 

(p=0.016), but there was no significant difference in the incidence of PONV or the patients’ pain 

scores for the first three hours after the acetaminophen administration39. PONV has been related 

to pain, and with an unchanged incidence of PONV, it is difficult to determine if acetaminophen 

was beneficial in the post-surgical population in this study39.  

 

Dexmedetomidine  

 Dexmedetomidine is a selective alpha-2 agonist that is used for its sedation, anesthetic 

and analgesic properties40. In subanesthetic doses, it can cause sedation and a calming effect 

while the patient maintains full consciousness. In a study by Dholakia, et al. intraoperative 

dexmedetomidine use significantly decreased the amount of opioid administered postoperatively 

in laparoscopic bariatric cases (p=0.02)41. Dexmedetomidine is also useful in decreasing the 

sympathetic response, specifically tachycardia and hypertension during tracheal intubation and 

surgical stimuli40. In a 2010 study, Menda, et al. determined the impact of dexmedetomidine on 

the hemodynamic effects of intubation in thirty CABG patients42. The study demonstrated that 

the use of dexmedetomidine blunted the hemodynamic effects during intubation by significantly 

decreasing heart rate (p=0.004), thereby preventing tachycardia and hypertension 42.   

The cardiovascular and respiratory side effects of dexmedetomidine are very important 

when considering this drug in the cardiac surgery population. A 2009 meta-analysis of thirty-

three trials by Wijeysundera, et al. concluded that when alpha-2 agonists were used during 
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cardiac surgery, there was statistically significant reduced ischemia (p=0.003), reduced risk of 

myocardial infarction (p=0.02) and a lower mortality rate (p=0.02)43. These are ideal findings to 

support use of alpha-2 agonists in the cardiac surgery population, but only six of the thirty-three 

studies used dexmedetomidine as their alpha-2 agonist of choice43.   

Conversely, there have been reports that dexmedetomidine can cause hypotension and 

bradycardia, even leading to cardiac arrest4044. These reports conflict with other data suggesting 

that dexmedetomidine is safe in cardiac surgery patients. Jalonen, et al. reported that the 

incidence of bradycardia was not statistically significant between the placebo and treatment 

groups of beta-blockaded patients undergoing cardiac surgery, but they did find a significant 

decrease in systolic arterial pressure by 15-20mmHg45.  

The respiratory side effect profile of dexmedetomidine is ideal for any patient undergoing 

surgery as it preserves respiratory drive and does not decrease ventilation40.  Dexmedetomidine 

has also been found to decrease opioid-induced chest wall rigidity40. Hsu, et al. compared the 

respiratory depressant effects of remifentanil and dexmedetomidine and concluded that 

remifentanil caused unarousable sedation and a decrease in respiratory rate, while 

dexmedetomidine caused arousable sedation and increased respiratory rate46. This study was 

conducted on healthy individuals and would need to be re-assessed in the cardiac surgery patient 

population.  

There is existing research on dexmedetomidine and its cardiovascular side effects, but the 

amount of concurrent opioids used has differed, and the results have been inconclusive.  Further 

research on its cardiovascular and respiratory side effects is necessary to determine if 

dexmedetomidine is safe and effective as an adjunct in decreasing opioid consumption, 

specifically in the cardiac surgery population.  
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Pain and Cardiovascular Surgery Recovery 

  

 Surgical pain can cause physiological responses such as hypertension, tachycardia, 

diaphoresis, nausea and vomiting. Pain following cardiothoracic surgery can be moderate to 

severe and if not well controlled, may lead to a longer hospital stay due to lack of ability to 

correctly take adequate tidal volumes and prevent atelectasis; this can in turn result in 

pneumonia, prolonged intubation, mechanical ventilation and subsequent intensive care stay. The 

ability to mobilize and return to one’s baseline activity status can also be impacted if one is 

unable to participate in the necessary post-operative physical therapy regimen due to excessive 

pain.   

 Pain control is very important for patient satisfaction and quality of life following 

surgical procedures47. A 119-postoperative patient questionnaire was conducted by Jamison, et 

al. and they determined that the patients with the lowest pain ratings displayed the highest 

satisfaction ratings48. Apfelbaum, et al. conducted a 250-patient survey measuring postoperative 

patient experiences49. The researchers found that 59% of the patients were most concerned about 

the pain they would endure after surgery49. With pain being of great concern for many surgical 

patients, we as health care providers must ensure we continue to strive to provide effective pain 

control through the perioperative timeline.  

Pain can also create or further exacerbate psychological symptoms such as anxiety and 

depression50.  The Gerrits, et al. study examined the impact of chronic pain on 1209 patients with 

baseline anxiety and depression50. The researchers found worsened depressive and anxiety 

symptoms in patients who experienced multiple number of pain locations (p=0.008), pain that 

lasted longer than 90 days (p=0.009) and high chronic pain grade scores (p <0.001)50. Another 

study, conducted by Bair, et al. investigated association of depression and anxiety alone as well 
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as in conjunction with chronic pain51. These researchers also found a correlation between these 

psychologic symptoms and pain. It was determined that patients with anxiety, depression and 

chronic pain reported the greatest pain severity (p <0.0001)51.  As healthcare professionals we 

must again strive to find the best modalities in providing safe and effective pain control to our 

patients while preventing psychological effects such as depression and anxiety and maintaining 

patient satisfaction. 

Adequate perioperative pain control has also shown to decrease the risk of acute pain 

progressing to chronic pain26. Chronic pain after cardiac surgery has been reported to have an 

incidence of 35% after one year52. Post-cardiac surgical pain is often treated with opioids, 

NSAIDs and acetaminophen53. A regimen that ensures pain is controlled, while also offsetting 

side effects such as sedation, bradycardia and hypotension is imperative to ensure adequate 

physiologic function and wound healing.  

 

Summary  

 

 The use of opioids in cardiac surgery has been extensively researched and practiced for 

many years. With a longstanding presence in the cardiac anesthesia specialty, the use of opioids 

had not been questioned by practitioners until the 1990’s when the idea of cardiac surgery ‘fast 

tracking’ was introduced. This practice was further scrutinized in the late 1990’s when opioid 

abuse and overdose was becoming more prevalent. Now, with the opioid public health crisis, 

practitioners throughout the US are trying to develop methods of reducing, if not eliminating the 

use and prescription of opioid medications.  

 Both acetaminophen and dexmedetomidine have been recognized as potential adjuncts to 

general anesthesia and post-operative pain control. Studies have been conducted in surgical 
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populations concerning each drug and its impact on amounts of opioid used; these findings vary 

and are inconclusive. Some studies have shown a decrease in the amount of opioid used early on 

in the post-operative period, but not as time progresses post-operatively38.  

The relatively safe side effect profile of acetaminophen has been well researched, but the 

effectiveness of IV acetaminophen over oral acetaminophen has not yet been elucidated. It is 

important to further examine this relationship as IV acetaminophen is significantly more 

expensive in comparison to the oral formulation.  

Dexmedetomidine has been reported to help attenuate the hemodynamic response to 

intubation and surgical stimuli, but there have been varying reports on the incidence of 

hypotension and bradycardia during cardiac surgery. Hypotension and bradycardia can lead to 

decreased perfusion, cardiac output and can be detrimental to the cardiac surgery patient’s 

intraoperative and postoperative outcomes.  

A thorough analysis of the integration of combining acetaminophen and 

dexmedetomidine in the cardiac surgery patient population has not been determined. In our study 

we aim to examine whether the long-standing, high opioid anesthetic technique is the safest and 

most effective mode of managing cardiac surgery patients intraoperatively versus an alternative 

multimodal intraoperative technique involving acetaminophen and dexmedetomidine. 
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CHAPTER 3: METHODS 

 

Methodology 

 

 This chapter provides an in-depth description of the research design and process that will 

be conducted to answer the research questions involved in this project. The questions include: (1) 

What impact did the integration of the opioid alternatives, acetaminophen and dexmedetomidine, 

during cardiac surgery have on the total amount of opioids prescribed during the perioperative 

period? (2) Did the use of opioid alternatives, acetaminophen and dexmedetomidine in the 

cardiac surgery population impact the patients’ postoperative cardiovascular and respiratory 

status? This section will summarize the details of the project; including: the research design, 

sample, instrumentation, procedure, data analysis and protection of human subjects.  

 

Research Design 

 

 This research study was conducted using a retrospective observational design to 

determine the impact of an implemented pain protocol involving the integration of 

acetaminophen and dexmedetomidine in review of the records of cardiac surgery patients. The 

charts of cardiac surgery patients that received the pain protocol were reviewed and compared to 

the records of those that did not receive the protocol. This comparison was conducted through a 

retrospective, chart review approach. The charts were reviewed comparing the control group, 

that received cardiac surgery prior to the implementation of the new pain protocol, with the 

intervention group, that received cardiac surgery during the pain protocol implementation.  
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The independent variable for this study is the type of pain regimen the cardiac surgery 

patients received. The dependent variables include the total amount of opioids the cardiac 

surgery patients received during the perioperative timeline, recorded in oral morphine equivalent 

milligrams, the amount of time the cardiac surgery patient remained intubated postoperatively, 

recorded in hours, the requirement for epicardial pacing measured by occurrence and the 

requirement for midodrine measured by occurrence.  

 

Sample 

 

A randomized, convenience sample of 264 cardiac surgery patients’ charts were reviewed 

from the 2017-2019 cardiac surgery databases of a 912-bed urban, teaching hospital where an 

alternative pain management protocol was instituted for a subset of the cardiac surgery 

population. Inclusion criteria for the subjects’ charts reviewed include patients that received 

coronary artery bypass grafting (CABG) only and patients that were 18 years and older. 

Exclusion criteria for the subjects’ charts reviewed included: any cardiac procedure other than 

CABG, patients that were younger than 18 years and a postoperative hospital stay greater than 14 

days. The required sample size was determined by using the RaosoftÒ Sample Size Calculator 

(see Appendix A). The calculation was based on the total volume of cardiac surgery cases 

(CABG only) at the facility during the previous year, 2017. This information was obtained with 

permission from the hospital’s cardiac surgery data bank personnel. In 2017 there were 825 

CABG procedures. The RaosoftÒ Sample Size Calculator reported that a sample size of 263 

patients would be required to warrant results with a confidence level of 95%. A total of 132 

patient charts were randomly selected and assigned into a control group (Group A) and 132 
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patient charts were randomly selected and assigned into an experimental group (Group B) based 

on whether the patient received the alternative pain protocol or not.  

The sample was randomized through the computer software system, GraphPad Ò. Using 

the cardiac surgery database, and access to the deidentified patient charts, the lead researcher 

collected all Medical Record Numbers (MRN) for patients that received CABG surgery, as 

mentioned above, between June 1st, 2017 through November 1st, 2017. The last four digits of 

the MRN for each patient were listed in a MicrosoftÒ Excel spreadsheet, entitled ‘Control 

Group.’ The lead researcher then used the computer software system to randomly select 132 of 

those patients’ charts. These patients were considered the control group. The lead researcher then 

collected all MRNs for patients that received CABG surgery September 1st, 2018 through 

February 1st, 2019. The last four digits of the MRN for each patient were listed in a MicrosoftÒ 

Excel spreadsheet, entitled ‘Intervention Group.’ The lead researcher then used the computer 

software system to randomly select 132 of those patients’ records. These patients were 

considered the intervention group.  The noted spreadsheets were stored on a password-protected 

computer and only accessed by the lead researcher for chart review purposes.  

 

Instrumentation 

 

 Data was collected with a tool developed by the researcher entitled ‘Pain Protocol 

Implementation in Cardiac Surgery Patients’ (see Appendix B). This tool was used by the lead 

researcher to gather the pertinent data from their data bank. The lead researcher recorded the 

objective measurements for each of the sections included in the data tool. The first question 

required the last four digits of the patient’s MRN; this was used to ensure a patient’s chart wasn’t 

reviewed more than once. The second question determined that the inclusion criteria for the 
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study was met (cardiac surgery patient having a CABG procedure). The third question 

determined whether the patient was in the experimental group (received the pain protocol) or the 

control group (did not receive the pain protocol).    

The tool includes six different sections pertinent to the research questions and study 

outcomes. The sections include: ‘Demographics’, ‘Co-Morbidities’, ‘Medications Administered 

During the Perioperative Timeline’, ‘Opioid Alternatives Administered During the Perioperative 

Timeline’, ‘Narcotic Medications Administered during the Perioperative Timeline’ and ‘Post-

Operative Outcomes’. The ‘Demographics’, ‘Co-Morbidities’, and ‘Opioid Alternatives 

Administered During the Perioperative Timeline’ and were analyzed to determine if recorded 

information had an impact on the dependent variable outcomes. The ‘Medications Administered 

During the Perioperative Timeline’ section was used to analyze the occurrence of common 

opioid-related issues (PONV, Ileus, Delirium); this section could warrant the need of future 

research questions.    

The ‘Narcotic Medications Administered During the Perioperative Timeline’ and ‘Post-

Operative Outcomes’ sections were analyzed to answer the research questions objectively. The 

first research question was answered after the lead researcher recorded the numeric values of 

total narcotic medications administered during the perioperative timeline. The perioperative 

timeline was defined as the start of surgery until the patient was discharged from the hospital. 

The narcotic totals were then converted into oral morphine equivalents milligrams. The second 

research question was answered after the lead researcher recorded the date/time: for intubation 

and extubation (in hours), the requirement for epicardial pacing and the requirement for 

midodrine during the postoperative period.  

 The data tool was analyzed for clarity and content by five experts in anesthesia, data 

collection/chart review or research. Experts included: a cardiac anesthesiologist (MD), advanced 
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heart failure clinical quality and regulatory manager (RN), certified clinical documentation 

specialist (RN) and a clinical project lead in research data management (MPH). All four of these 

experts are employed at the facility where the protocol was implemented and are proficient in the 

electronic medical record (EMR) system used for the data tool/chart review. The last expert is an 

epidemiology postdoctoral fellow for a federal biomedical research agency (PhD, MS). All of the 

experts confirmed the data collection tool for content validity.  

 

Procedure 

 
 
 An alternative pain management protocol was implemented by a 912-bed, urban teaching 

hospital’s cardiac surgery department on April 17th, 2018.  The team involved with this protocol 

included: cardiac surgeons, cardiac anesthesia providers, pharmacists, registered nurses, 

physician assistants, nurse practitioners and physicians all responsible for the delivery of care in 

cardiac surgery patients as well as researchers and data analysts. This team received their 

facility’s IRB approval before the implementation of the protocol.  

Prior to this pain protocol’s implementation in April of 2018, pain management involved 

administration of opioids and other medication adjuncts throughout the cardiac surgical case at 

the discretion of the anesthesia provider.  Upon the patient’s arrival to the cardiac intensive care 

unit (ICU) from the operating room (OR), a loading dose of 100 micrograms of fentanyl would 

be administered and a fentanyl patient-controlled analgesia (PCA) system with initial bolus only 

settings would be initiated. Post-operative pain was managed with opioids and opioid 

alternatives of various pharmacologic classes, but there was no consistent regimen, nor was there 

a specific protocol on how to incorporate both acetaminophen and dexmedetomidine in the 

operating room and throughout the perioperative period.   
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 On April 17th, 2018, the pain protocol was implemented as a Performance Improvement 

(PI) initiative, under which patients undergoing CABG procedures would now receive this 

protocol. All members of the team involved in the care of cardiac surgery patients were notified 

and educated on the pain protocol per the facility’s policy for PI initiatives. The pain protocol 

medication regimen is listed below:  

1. 1,000 mg PO acetaminophen in pre-operative holding  

2. 1,000 mg IV acetaminophen in the operating room during chest closure 

3. Dexmedetomidine drip started in OR at chest closure (initiate at 0.5mcg/kg/hr and 

titrate for cooperative sedation) and continued through extubation  

4. No prophylactic doses of benzodiazepines, paralytic or opioids for transport from OR 

to ICU  

5. Fentanyl administered by anesthesia provider as need for coughing/vent 

dyssynchrony  

6. Limit of PCA use during ICU recovery 

7. No scheduled fentanyl load on arrival to ICU from OR  

8. 1,000 mg IV acetaminophen, 6 hours after OR dose  

9. 1,000 mg PO acetaminophen every eight hours x 10 days in the ICU (scheduled: 

0600, 1200, 1800, 0000) and then PRN 

a. Dosing will be started at 1800 if 1,000 mg IV acetaminophen OR dose given 

prior to 1500  

b. Dosing will be started at 0000 if 1,000 mg IV acetaminophen OR dose given 

after 1500 
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 In August of 2018, the lead researcher gained contact with the members of the pain 

protocol team at the facility. The pain protocol team and the facility’s research team approved 

the researcher’s involvement in the analysis of pain protocol outcomes. Prior to chart review, 

permission was obtained from the Georgetown University Institutional Review Board (#2018-

1257).  

A total of 264 cardiac surgery patients that received CABG procedures only were 

randomly selected, through a software system, from the cardiac data base. 132 patients, 

identified by the last four digits of their MRN, were randomly selected from the databank of 

patients who received cardiac surgery prior to the April 2018 pain protocol implementation date. 

This group of patients served as the control group. Another 132 patients also identified by their 

MRN number, were randomly selected from the data bank of patients who received cardiac 

surgery after the April 2018 pain protocol implementation date. This group of patients served as 

the intervention group. 

 The chart review process occurred at the facility and the lead researcher’s home. The lead 

researcher logged in to the facility’s EMR on a password-protected computer and server. Each 

patient was searched by his or her MRN during the chart review process. To maintain patient 

confidentiality, only the last four digits of the MRN were transcribed on the data collection tool. 

The researcher first recorded the last four digits of the patient’s MRN and circled the procedure 

the patient received (this was located under the ‘surgical documentation’ tab in the cardiac 

surgeon’s surgical note). The researcher then circled whether the patient was included in the pain 

protocol or not. This determined if the patient was in the experimental group versus the control 

group.  

 Next, the researcher completed the ‘Demographics’ section of the data collection tool 

(this information was provided by the hospital’s cardiac surgery team from the STS database). 
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The researcher recorded the patient’s gender and race and wrote numerical values for the 

following: patient’s age (in years), BMI (kg/m2) and STS Mortality Risk X100 (%).  

 The ‘Hospital stay’ section of the data collection tool required the researcher to obtain the 

date of surgery (obtained from cardiac surgery database) and the discharge date (located on the 

EMR homepage). The researcher determined the difference between the discharge date and the 

date of surgery to determine the postoperative hospital length of stay for the patient. This was 

recorded in days. All measurements were rounded to the nearest whole number. If the patient’s 

postoperative hospital stay was greater than 14 days, the patient was eliminated from the chart 

review process and the next randomly assigned patient chart determined by GraphPadÒ was 

reviewed.  

The ‘Comorbidities’ section of the data collection tool was completed next (this 

information was provided by the hospital’s cardiac surgery team from the STS database). The 

researcher recorded if the patient was diagnosed or reported to have the following conditions: 

cerebrovascular disease, chronic lung disease, diabetes, peripheral arterial disease, renal failure-

dialysis, recent MI, cardiac arrhythmia, illicit drug use, current tobacco use, past tobacco use, 

alcohol use, depression, cancer within 5 years, hypertension, dyslipidemia and liver disease. The 

incidence of chronic pain was also recorded. This comorbidity required the researcher to review 

the preoperative anesthesia review of systems to determine whether the patient was diagnosed or 

reported having chronic pain. For all of the comorbidities, a ‘yes’ or ‘no’ was recorded whether 

the patient was diagnosed or not respectively.   

 After the ‘Comorbidities’ section was finished, the ‘Medications Administered During 

the Perioperative Timeline’ section was completed. The researcher selected the ‘MAR Summary’ 

tab on the patient’s EMR homepage. This tab allowed the lead researcher to see all listed 

medications administered to the patient during his/her hospital stay. The researcher searched for 
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the perioperative timeframe in the ‘MAR Summary’ only. The perioperative time frame was 

considered from the day of the surgical procedure to the day the patient was discharged from the 

hospital. Once the researcher entered date range for the ‘MAR Summary’, the researcher 

searched for each of the following medications: ondansetron, phenergan, metoclopramide, 

miralax, lactulose, fleets enema, haloperidol, seroquel and recorded if the patient received each 

drug (circled ‘yes’ or circled ‘no’) during the searched time frame.  

 The ‘Opioid Alternatives Administered’ section was completed in a similar manner as the 

previous section. First the researcher selected the ‘MAR Summary’ tab on the patient’s EMR 

homepage. This tab allowed the researcher to see all listed medications administered to the 

patient during his/her hospital stay. The researcher then searched for the perioperative timeframe 

in the ‘MAR Summary’ only. The date range entered was the same as entered for the 

‘Medications Administered During the Perioperative Timeline’ section. Once the researcher 

entered the date range for the ‘MAR Summary’, the researcher searched for each of the 

following medications: acetaminophen and dexmedetomidine. For each medication, the 

researcher recorded the total amount of oral acetaminophen administered (in milligrams), the 

occurrence of IV acetaminophen administration and the occurrence of dexmedetomidine infusion 

during the searched time frame. The numerical values for oral acetaminophen (in milligrams) 

were rounded to the nearest whole number and recorded. The administration of IV 

acetaminophen and dexmedetomidine infusion was recorded (circled ‘yes’ or ‘no’) during the 

searched time frame.  

 The ‘Narcotic Medications Administered’ section was completed by the researcher in a 

similar manner as the previous two sections. This required the researcher to select the ‘MAR 

Summary’ tab on the patient’s EMR homepage. This tab allowed the researcher to see all listed 

medications administered to the patient during his/her hospital stay. The researcher searched for 
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the perioperative timeframe in the ‘MAR Summary’ only. The date range entered was the same 

as entered for the ‘Medications Administered During the Perioperative Timeline’ and ‘Opioid 

Alternatives Administered During the Perioperative Timeline’ sections. Once the researcher 

entered the date range for the ‘MAR Summary,’ the researcher searched for each of the 

following medications: fentanyl, hydromorphone, hydrocodone, meperidine, morphine, 

oxycodone and tramadol. For each medication, the researcher recorded the total amount of each 

drug administered during the searched time frame. The researcher recorded the numerical values 

for each medication and rounded to the nearest whole number in milligrams. Each total dose of 

narcotic administered was converted to oral morphine equivalents. The researcher added all of 

the drug totals, in morphine equivalents, together to yield a total sum of narcotic administered: in 

the OR, in the ICU, on the stepdown unit and what the patient was prescribed at discharge (this 

was obtained from the EMR under the ‘medication history’ tab) and refills following discharge 

(this was obtained from the EMR under ‘document viewing’ tab).  

 The last section of the data collection tool completed was entitled ‘Post-Operative 

Outcomes.’ The researcher obtained all of the information from the ICU electronic flow sheet 

(this was found under the ‘flow sheet’ tab on the home page of the patient’s EMR) and the 

‘anesthesia printed record’ (this was found under the ‘surgical documentation’ tab on the home 

page of the patient’s EMR). For the ‘Mechanical ventilation requirement’ portion of this section, 

the intubation date (recorded by day/month/year format in numerical values) and time (recorded 

by military time format in numerical values) was found in the ‘anesthesia printed record.’ The 

extubation portion was filled out in the same formatting as the intubation portion: the date 

(recorded by day/month/year format in numerical values) and time (recorded by military time 

format in numerical values) were found in the ICU electronic flow sheet. If the patient was re-

intubated during his/her hospital stay, the researcher only recorded the first extubation time. 
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Once the researcher had recorded both the intubation and extubation times, the researcher 

subtracted the extubation time from the intubation time to determine the number of hours the 

patient required mechanical ventilation. This was recorded as a numerical value and rounded to 

nearest whole number (in hours).  

 The ‘Midodrine administration’ was filled out in a similar manner as the previous 

sections. First the researcher selected the ‘MAR Summary’ tab on the patient’s EMR homepage. 

This tab allowed the researcher to see all listed medications administered to the patient during 

his/her hospital stay. The researcher searched for the perioperative timeframe in the ‘MAR 

Summary’ only. The date range entered was the same as entered for the ‘Medications 

Administered During the Perioperative Timeline’ section. Once the researcher entered the date 

range for the ‘MAR Summary’, the researcher searched for the medication midodrine. If the 

medication was administered, ‘yes’ was circled and if the medication was not administered, ‘no’ 

was circled.  

 Lastly, the researcher completed the ‘Epicardial pacing required’ portion of the ‘Post-

Operative Outcomes’ section. This information was found in the ICU electronic flow sheet. If 

epicardial pacing was required during his/her ICU stay, a ‘yes’ was circled and if pacing was not 

required, a ‘no’ was circled.  

 Once the data collection tool was complete, the researcher placed the paper tool in a 

locked file cabinet at the lead researcher’s home until all patient charts had been reviewed. Only 

the lead researcher had access to this locked file cabinet. Each chart review took the researcher 

an average of twenty minutes to complete. Once all 264 charts were reviewed, the researcher 

compiled all of the information from the individual paper data collection tools and manually 

enter the information into a MicrosoftÒ Excel spreadsheet for data analysis purposes. The 
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spreadsheet was kept on a password protected computer and only the lead researcher and 

members of the research team had access to the spreadsheet.  

 

Data Analysis 

 
 
 With the help of a statistician provided by the lead researcher’s academic institution, the 

compiled MicrosoftÒ Excel spreadsheet was exported into IBMÒ SPSS statistical software for 

data analysis. Demographic data for both the control and intervention groups were analyzed to 

determine if there were any statistically significant differences between the two groups. 

Demographic data included both continuous and categorical variables. Each of the following 

continuous variables were compared using independent samples t-tests: age (years), BMI 

(kg/m2), STS Mortality Risk X100. Each of the following categorical variables were compared 

using the chi square test: gender, race, cerebrovascular disease, chronic lung disease, diabetes, 

peripheral arterial disease, renal failure/dialysis, recent MI, cardiac arrhythmia, chronic pain, 

illicit drug use, current tobacco use, past tobacco use, alcohol use, depression, cancer within 5 

years, hypertension, dyslipidemia and liver disease.  

 In order to answer the research questions, independent samples t-tests and chi square tests 

were conducted to assess if there were statistically significant differences between the control 

and intervention groups. The first research question was investigated through the comparison of 

the control and intervention groups using independent samples t-tests for opioid requirements (in 

oral morphine equivalent milligrams) during the perioperative timeline. This timeline was 

divided into: OR opioid, ICU opioid, floor opioid, total opioid for the hospital stay, and total 

opioid postoperatively (not including OR opioid), discharge opioid and opioid refills. The second 

research question was analyzed by comparing the control and intervention groups using 
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independent samples t-tests for the mechanical ventilation time (in hours). The incidence of 

pacing and the incidence of midodrine administration for the two groups were compared by 

using the chi square tests. This information was used to evaluate the cardiac and respiratory 

impacts of the pain protocol.  

In addition to the research questions, the incidence of Ondansetron/Phenergan, Reglan/ 

Miralax/Fleets/Lactulose and Haldol/Seroquel administration were compared through the chi 

square test of significance.  The goal of these tests was to determine if there was a statistical 

difference in common opioid related side effects. Postoperative hospital stay (in days) and ICU 

time (in hours) was compared using independent samples t- tests to determine the overall impact 

of the pain protocol for the patient. Based on the sample size achieved, the data analysis results 

will assume a 4.18% margin of error.  

  

Protection of Human Rights 

 
 
 Approval for the Institutional Review Board at Georgetown University was granted prior 

to the retrospective chart review by the lead researcher. The lead researcher received approval 

from the facility’s Institutional Review Board in order to gain access to the charts for review 

involving both control and experimental groups. Access to the facility for research purposes was 

granted to the lead researcher by the facility’s Student Collaborations Educator (see Appendix 

C). Retrospective chart review of both subjects from the control group and experimental group 

will be conducted by the lead chart reviewer with permission by the facility’s cardiac surgery 

research team.  

 All identifiable information relating to the patients was removed and not accessible to the 

lead researcher after all data was collected. The MicrosoftÒ Excel spreadsheet with the patient’s 
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last four digits of their MRN was used as a tracking mechanism by the lead researcher only.  

This document was deleted from the computer system 6 months after all data analysis is 

completed. When accessing the information at the facility, the researcher will be using 

computers with password protection. All data collection materials were stored on a password 

protected computer with no identifying information and only accessed by the researcher. All 

identifiable information about the facility and experts involved in data collection tool was 

secured on a password protected computer as well. In addition, a social and behavioral human 

subject’s research course that included protection of human subjects was completed by the 

researcher. This online course is entitled ‘Collaborative Institutional Training Initiative (CITI) 

and is supported by the National Institute of Health (see Appendix D).  
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CHAPTER 4: RESULTS 

 

Findings  

 
 
 This section will first explain demographics of the cardiac surgery patients whose charts 

were reviewed. This chapter will then provide an explanation of the statistical tests and findings 

pertinent to the two research questions described in chapter 1. An explanation of additional 

findings beyond the two research questions will be included; this information may allow for 

future research investigations. All variables listed above underwent statistical analysis comparing 

the control and intervention groups. These analyses were used to evaluate the impact of the 

implemented pain protocol explained in chapter 3. All p values of 0.05 or less were considered 

statistically significant for the purposes this study.  

 

Sample 

 

 A randomized, convenience sample of 264 cardiac surgery patients’ charts were reviewed 

from the 2017-2019 cardiac surgery database of a 912-bed urban, teaching hospital when an 

alternative pain management protocol was instituted (see Chapter 3). Inclusion criteria for the 

subjects’ charts reviewed include patients who received CABG surgery only and who were 

greater than 18 years old. Exclusion criteria for the subjects’ charts reviewed included: any 

cardiac procedure other than CABG, postoperative hospital stay greater than 14 days and anyone 

who was less than 18 years old.  
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Table 1. Demographic Characteristics of Intervention and Control Groups 
 Control (n = 132) Intervention (n = 132) Pa 
Age (M, SD) 65.7 9.6 65.3 9.6 .71 
BMI (M, SD) 29.5 5.4 28.7 4.8 .22 
STS Mortality Risk x 100 
(M, SD) 

1.7 2.1 1.5 1.9 .63 

      
Male (n, %) 106 80.3 101 76.5 .46 
Race     .07 

White (n, %) 66 53.7 86 68.8  
Black (n, %) 40 32.5 31 24.8  
Asian (n, %) 6 4.9 2 1.6  
Other (n, %) 11 8.9 6 4.8  

Comorbidities      
Cerebrovascular disease 
(n, %) 

13 9.8 25 18.9 .04 

Chronic lung disease (n, 
%) 

26 19.7 42 31.8 .02 

Diabetes (n, %) 65 49.2 63 47.7 .81 
Peripheral arterial disease 
(n, %) 

14 10.6 17 12.9 .57 

Renal failure-dialysis (n, 
%) 

1 0.8 4 3.0 .18 

Recent MI (n, %) 61 43.2 71 53.8 .22 
Cardiac Arrhythmia (n, 
%) 

13 9.8 11 8.3 .67 

Chronic Pain (n, %) 7 5.3 14 10.6 .12 
Illicit Drug Use (n, %) 10 7.6 0 0.0 .001 
Current Tobacco Use (n, 
%) 

29 22.0 29 22.0 1.00 

Past Tobacco Use (n, %) 50 37.9 58 43.9 .32 
Alcohol Use (n, %) 71 53.8 82 62.1 .17 
Depression (n, %) 18 13.6 19 14.4 .86 
Cancer with 5 years (n, 
%) 

7 5.3 5 3.8 .56 

Hypertension (n, %) 111 84.1 109 83.2 .85 
Dyslipidemia (n, %) 114 86.4 112 84.8 .73 
Liver Disease (n, %) 4 3.0 3 2.3 .70 

aSignificance levels are based on independent samples t tests for continuous variables and chi square tests of independence for 
categorical variables. 
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Figure 1. Significant Comorbidity Differences Between Control and Intervention Groups. 
The incidence for the above comorbidities were totaled and then computed as percentages.  The percentages for the control and 
intervention groups were compared and found to be statistically significantly different.  
 

 Demographic data and comorbidities amongst the control and intervention groups were 

compared to assess if any differences existed between the two groups. Control and intervention 

group age (years), BMI (kg/m2) and STS mortality risk X100 were compared using independent 

samples t tests. Chi square tests were used to compare control and intervention groups on the 

following variables: gender, race, cerebrovascular disease, chronic lung disease, diabetes, 

peripheral arterial disease, renal failure-dialysis, recent MI, cardiac arrhythmia, chronic pain, 

illicit drug use, current tobacco use, past tobacco use, alcohol use, depression, cancer within 5 

years, hypertension, dyslipidemia and liver disease.  

 The intervention and control groups did not differ significantly on any demographic or 

comorbidity except for the incidence of cerebrovascular disease, chronic lung disease and illicit 

drug use (see Table 1 and Figure 1). For the cerebrovascular disease comorbidity, the control 

group had a significantly lower incidence n=13 (9.8%) compared to the intervention group n=25 

(18.9%), p=.04. The incidence of chronic lung disease was significantly lower in the control 
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group n=26 (19.7%) compared to the intervention group n=42 (31.8%), (p=.02). Illicit drug use 

amongst the control group was significantly higher n=10 (7.6%) compared to the intervention 

group n=0 (0.0%), (p=.001).  

 

Research Question 1 

 

 The first research question explored the impact of the integration of opioid alternatives, 

acetaminophen and dexmedetomidine, during cardiac surgery on the total amount of opioids 

prescribed to the patient during the perioperative period. The timeline was divided into: OR 

opioid, ICU opioid, floor opioid, hospital stay opioid, postoperative opioid (not including OR 

opioid), discharge opioid and refill opioids. Each opioid variable was analyzed statistically for 

significant differences between the control and intervention groups.  

 

Table 2. Opioids Amounts (in PO Morphine Equivalent mg) by Control and Intervention 
 Control (n = 132) Intervention (n = 132) Pa 
OR opioids (M, SD) 380.6 130.3 306.0 68.6 <.001 
ICU opioids (M, SD) 536.7 359.3 513.3 369.3 .60 
Floor opioids (M, SD) 53.7 241.5 31.4 51.9 .30 
Total Hospital Stay opioids (M, 
SD) 

971.0 511.4 850.7 387.9 .03 

Total Post-Op opioids (M, SD) 590.5 486.0 544.6 386.1 .40 
Discharge opioids (M, SD) 277.5 522.9 92.3 87.4 <.001 
Refill opioids (M, SD) 203.3 40.4 200.0 0.0 .85 

aSignificance levels are based on independent two-samples t tests. Note: Refill opioids control n=3 and intervention 
n=5.  
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Figure 2. Opioid Administration Totals. 
Total amounts of opioid administered were converted to PO morphine equivalents (mg). The averages for each phase of the 
perioperative timeline were calculated. Averages for the control and intervention groups were compared. Significant differences 
are denoted with *.  

 
 
 
Table 3. Opioid Shapiro-Wilk Test  

 
Shapiro-Wilk 

Statistic df Sig. 
OR Opioid (morphine 
eq mg) 

.833 264 .000 

D/C Opioid (morphine 
eq mg) 

.261 264 .000 

        
 
 
 
 
OR Opioid Totals   

 OR opioid totals between the control and intervention groups were compared using 

independent samples t-tests. Average (M) opioid totals for the control group (M = 380.6 SD = 

130.3) were higher than the intervention group (M = 306.0, SD = 68.6) (see Table 2 and Figure 

2). This difference was statistically significant, (p < .001).  

*p < .001

*p = .03

*p < .001
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 OR opioid totals were significantly skewed, based on the Shapiro-Wilk test of normality 

(see Table 3). Although t-tests are quite robust to deviations for normality, the Mann-Whitney 

nonparametric test was used to verify the group differences. Results were the same as those from 

independent samples t-test, therefore, the t-test results were reported for ease of interpretation 

(see Appendix E).   

 

ICU Opioid Totals  

 ICU opioid totals between the control and intervention groups were compared using 

independent samples t-tests. Average opioid totals for the control group were higher than the 

intervention group, but this difference was not statistically significant (see Table 2 and Figure 2). 

ICU opioids in the control group averaged 536.7 (SD = 359.3) compared to the intervention 

group average of 513.3 (SD = 369.3), (p = .60).  

 

Floor Opioid Totals  

 Floor opioid totals between the control and intervention groups were compared using 

independent samples t-tests. Average opioid totals for the control group were higher than the 

intervention group, but this difference was not statistically significant (see Table 2 and Figure 1). 

Floor opioids in the control group averaged 53.7 (SD = 241.5) compared to the intervention 

group average of 31.4 (SD = 51.9), (p = .30).  

 

Hospital Stay Opioid Totals  

 Hospital stay opioid totals between the control and intervention groups were compared 

using independent samples t-tests. Average opioid totals for the control group were higher than 

the intervention group (see Table 2 and Figure 2). This difference was statistically significant. 
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Mean hospital stay opioids in the control group were 971.0 (SD = 511.4) compared to the 

intervention group mean of 850.7 (SD = 387.9), (p = .03).  

 

 Postoperative Opioid Totals  

 Postoperative opioid totals between the control and intervention groups were compared 

using independent samples t-tests. Average opioid totals for the control group were higher than 

the intervention, but this difference was not statistically significant (see Table 2 and Figure 2). 

Postoperative opioids in the control group averaged 590.5 (SD = 486.0) compared to the 

intervention group average of 544.6 (SD = 386.1), (p = .40).  

 

Discharge Opioid Totals  

 Discharge opioid totals between the control and intervention groups were compared using 

independent samples t-tests. Average opioid totals for the control group were higher than the 

intervention group (see Table 2 and Figure 2). This difference was statistically significant. 

Discharge opioids in the control group averaged 277.5 (SD = 522.9) compared to the intervention 

group mean of 92.3 (SD = 87.4), (p < .001).  

Because the amount of discharge opioids was significantly skewed based on the Shapiro-

Wilk test of normality (see Table 3), the Mann-Whitney nonparametric test was also used to 

compare the control and intervention groups’ discharge opioids amounts. The results from the 

Mann-Whitney were the same as the independent samples t-test results. Therefore, the t- test 

results were reported for ease of interpretation (see Appendix E).   
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Refill Opioid Totals  

 Refill opioid totals between the control and intervention groups were compared via 

independent samples t-tests. Average opioid totals for the control group were higher than the 

intervention group, but this difference was not statistically significant (see Table 2). Refill 

opioids in the control group averaged 203.3 (SD = 40.4) compared to the intervention group 

mean of 200.0 (SD = 0.0), (p = .85). It should be noted that the sample size for both the control 

group (n=3) and intervention group (n=5) was very small for refill opioids.  

  
 
 

Research Question 2 

 
 The second research question explored the impact of the integration of opioid 

alternatives, acetaminophen and dexmedetomidine, during cardiac surgery on the patients’ 

postoperative cardiovascular and respiratory status. Indicators of cardiovascular status were 

measured by the requirement for postoperative epicardial pacing (treatment for bradycardia) and 

postoperative midodrine administration (treatment for hypotension). The patients’ respiratory 

status was determined through the total amount of time (in hours) the patient required 

mechanical ventilation after surgery. Each of the cardiovascular and respiratory indicators was 

analyzed statistically for significant differences between the control and intervention groups.  

 

Table 4. Cardiovascular and Respiratory Intervention Requirements  
 Control (n = 132) Intervention (n = 132) Pa 
Total hours postoperative 
ventilation (M, SD) 

9.3 4.7 9.4 11.3 .94 

      
Postoperative Pacing (n, %) 22 16.8 59 44.7 <.001 
Postoperative Midodrine (n, %) 12 9.2 14 10.6 .69 

aSignificance levels are based on independent samples t tests for continuous variables and chi square tests of independence for 
categorical variables. 
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Figure 3. Cardiovascular Intervention Requirements. 
The incidence of pacing requirements and midodrine administration were totaled and then computed as percentages.  The 
percentages for the control and intervention groups were compared. Significant differences are denoted with *. 

 
 
Pacing Requirements  

Pacing requirements between the control and intervention groups were compared using 

chi square tests of independence. The incidence of pacing for the control group n=22 (16.8%) 

was lower than the intervention group n=59 (44.7%) (see Table 4 and Figure 3). This difference 

was both statistically and clinically significant (p= <.001).  

 

Midodrine Requirements  

 Midodrine requirements between the control and intervention groups were compared 

using chi square tests of independence. The incidence of midodrine administration in the control 

group (9.2%) was lower than the intervention group (10.6%), but this difference was not 

statistically significant (see Table 4 and Figure 3), (p = .69).  

 

*p < .001
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Figure 4. Respiratory Intervention Requirements. 
Total mechanical ventilation time (in hours) was averaged. The averages for the control and intervention groups were compared. 
These differences were not statistically significantly different.  
 

 

Mechanical Ventilation Requirements 

Hours of mechanical ventilation between the control and intervention groups were 

compared using independent samples t-tests. Average mechanical ventilation time for the control 

group was lower (M = 9.3, SD = 4.7) than the intervention group (M = 9.4, SD = 11.3), but this 

difference was not statistically significant (see Table 4 and Figure 4), (p = .94).  

 

Additional Findings  

 

During the chart review process, additional information beyond the two research 

questions was obtained from each patient’s chart. This additional information may help guide 

need for future research. Common opioid related side effects (PONV, ileus and delirium) are 
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often managed postoperatively through various medications. During the chart review process, the 

researcher determined the occurrence of the postoperative administration of some medications 

that are given to combat opioid related side effects. These medications included: 

Ondansetron/Phenergan (PONV treatment), Reglan/Miralax/Fleets Enema/Lactulose (ileus 

treatment) and Haldol/Seroquel (delirium treatment). The researcher also collected the amount of 

time each patient was in the ICU postoperatively (in hours) and each patient’s postoperative 

length of stay (in days). The additional variables listed above were analyzed statistically for 

significant differences between the control and intervention groups.  

 

Table 5. Additional Hospital Related Findings 
 Control (n = 132) Intervention (n = 

132) 
Pa 

Postop hours in ICU (M, SD) 40.9 30.1 41.8 34.8 .83 
Postop Length of Stay in days (M, SD) 5.8 2.1 7.2 2.9 <.001 
Postop Ondansetron/Phenergan (n, %) 86 65.6 83 62.9 .64 
Postop Reglan/Miralax/Fleets/Lactulose 
(n, %) 

35 26.7 46 34.8 .15 

Postop Haldol/Seroquel (n, %) 5 3.8 5 3.8 1.00 
aSignificance levels are based on independent samples t tests for continuous variables and chi square tests of 
independence for categorical variables. 
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Figure 5. Postoperative Opioid Side Effect Medication Administration. 
The incidence of various medications given postoperatively to combat common opioid side effects were totaled and then 
computed as percentages.  The percentages for the control and intervention groups were compared. These differences were not 
statistically significantly different.  
 

 
Postoperative Ondansetron/Phenergan  

Use of postoperative ondansetron/phenergan requirements between the control and 

intervention groups was compared using chi square tests of independence. The incidence of 

postoperative ondansetron/phenergan administration in the control group (65.6%) was higher 

than the intervention group (62.9%), but this difference was not statistically significant (see 

Table 5 and Figure 5), (p = .64).  

  

Postoperative Reglan/Miralax/Fleets Enema/Lactulose  

Postoperative reglan/miralax/fleets enema/lactulose use between the control and 

intervention groups was compared using chi square tests of independence. The incidence of 

postoperative reglan/miralax/fleets enema/lactulose administration in the control group (26.7%) 
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was lower than the intervention group (34.8%), but this difference was not statistically 

significant (see Table 5 and Figure 5), (p = .15).  

 

Postoperative Haldol/Seroquel 

Postoperative haldol/seroquel was compared between the control and intervention groups. 

The incidence of postoperative haldol/seroquel administration in the control group (3.8%) was 

the same as in the intervention group (3.8%). Because the distributions were identical, statistical 

testing was not relevant.  

 

 
Figure 6. Postoperative ICU Time. 
Total postoperative ICU time (in hours) was averaged. The averages for the control and intervention groups were compared. 
These differences were not statistically significantly different.  
 
 

Postoperative ICU Time  

Postoperative ICU time (in hours) between the control and intervention groups was 

compared using independent samples t-tests. Average postoperative ICU time for the control 
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group (M = 40.9, SD = 30.1) was lower than for the intervention group (M = 41.8, SD = 34.8). 

This difference was not statistically significant (see Table 5 and Figure 6), (p = .83).  

 

 
Figure 7. Significant Differences in Postoperative Length of Stay Amongst Groups. 
Total postoperative length of stay (in days) was averaged. The averages for the control and intervention groups were compared. 
These differences were statistically significant.  
 

 

Table 6. Postoperative Length of Stay Shapiro-Wilk Test 
 

 
Shapiro-Wilk 

Statistic df Sig. 
Hospital Stay (days) .896 264 .000 
 

 

Postoperative Length of Stay  

 Postoperative length of stay (in days) between the control and intervention groups was 

compared using independent samples t-tests. Average postoperative length of stay for the control 

group was lower than the intervention group (see Table 5 and Figure 7). This difference was 
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statistically significant. Postoperative length of stay in the control group average 5.8 days (SD = 

2.1) compared to the intervention group average of 7.2 days (SD = 2.9), (p <.001).  

Postoperative length of stay was significantly skewed based on the Shapiro-Wilk test of 

normality (see Table 6). Therefore, Mann-Whitney nonparametric test was also used to compare 

postoperative length of stay between control and intervention groups.  The results from the 

Mann-Whitney were the same as the independent samples t-test. Therefore, the t-test results were 

reported for ease of interpretation (see Appendix E).   

 

Further Analysis  

 

 After all data was analyzed, linear and logistic regressions were run to examine the effect 

of intervention controlling for the three conditions (cerebrovascular disease, chronic lung 

disease, illicit drug use) that significantly differed between the control and intervention groups.  

Linear regressions were used for continuous outcomes and logistic regression for binary 

outcomes. All results remained the same except for total hospital stay opioids, which was no 

longer statistically significant when the conditions were controlled for (see Table 7 & Appendix 

F). Without controlling for those three conditions, there was a significant difference in dose of 

opioids between the control and intervention groups (p = .03); when those three conditions were 

controlled for the difference between controls and intervention was no longer statistically 

significant for the amount of total hospital stay opioid dosing (p = .08).  When controlling for 

those three conditions, all of the other results that were significant remained significant and those 

had been not significant remained not significant. 
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Table 7. Comparing Effect of Intervention on Outcomes 
Outcome P for difference between 

intervention and control 
P controlling for 

cerebrovascular disaes, 
chronic lung disease, & illicit 

drug use 

Opioid Amount    

OR < .001 < .001 

ICU .60 .93 

Floor .30 .29 

Total Hospital Stay .03 .08 

Post Op .40 .62 

Discharge < .001 < .001 

Hours Postop Ventilation .94 .60 

Hours Postop ICU .83 .92 

Length of Stay in days < .001 < .001 

Pacing < .001 < .001 

Midodrine .69 .93 

Ondansetron/Phenergan .64 .92 

Reglan/ Miralax/ Fleets/ 
Lactulose 

.15 .12 

Haldol/Seroquel 1.00 .76 

Note: P uncontrolled based on independent samples t tests for continuous variables and chi square for categorical 
variables; P controlling for comorbidities based on linear regression t tests for continuous variables and logistic 
regression Wald tests for categorical variables. 
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CHAPTER 5: DISCUSSION 

 

Discussion 

 
The purpose of this study was to evaluate the impact of the implementation of a pain 

protocol that included the integration of acetaminophen and dexmedetomidine in cardiac surgery 

patients. The study’s primary purpose was to investigate how the implemented pain protocol 

impacted the amount of opioids required during the perioperative timeline, as well as the 

patients’ postoperative cardiovascular and respiratory status. In addition, the study investigated 

the incidence of common opioid-related side effects, post-operative ICU length of stay and post-

operative hospital length of stay.  

As mentioned in chapter 4, our study determined that there were statistically significant 

differences in three comorbidities between the control and intervention groups. The intervention 

group had a significantly higher incidence for cerebrovascular disease n=25 (18.9%) compared 

to the control group n=13 (9.8%), (p=.04) and a significantly higher incidence of chronic lung 

disease n=42 (31.8%) compared to the control group n=26 (19.7%), (p=.02) (see Table 1 and 

Figure 1). Illicit drug use amongst the control group was significantly higher in the control group 

n=10 (7.6%) compared to the intervention group n=0 (0.0%), (p=.001) (see Table 1 and Figure 

1). We further analyzed our data to determine if the findings in our study changed when the three 

comorbidities that are listed above were controlled for through linear and logistic regression 

tests. All results remained the same except for total hospital stay opioid intakes, which was no 

longer statistically significant when the conditions were controlled for (see Table 7 & Appendix 

F). 

These findings may indicate that the incidence of cerebrovascular disease, chronic lung 

disease or illicit drug use did not impact this study’s findings involving cardiovascular and 
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respiratory impacts. While, the incidence of these three comorbidities may have impacted the 

total hospital stay opioid intake in the control and intervention groups. This change in 

significance for total hospital stay opioid amounts may have been impacted by these 

comorbidities. For example, there may have been an increased requirement for opioids 

throughout the entire hospital stay in the control group because the patients in this group has a 

higher rate of illicit drug use. The higher rate of illicit drug use may have accounted for a higher 

number of required opioids in the control group. When the comorbidity differences between the 

control and intervention group were controlled for through linear and logistic regression tests, 

this difference were no longer statistically significant.  

This was a randomized, convenience sample and the baseline comorbidities were not able 

to be controlled for. Further studies must control for various comorbidity differences to ensure 

the results aren’t impacted by other confounding influences such as the incidence of 

cerebrovascular disease, chronic lung disease and illicit drug use that may have impacted this 

study’s findings.  

Previous studies have shown a decrease in required opioids when acetaminophen and 

dexmedetomidine were administered individually38 39 41.  There are limited studies that 

investigate the impacts of the integration of combining acetaminophen and dexmedetomidine in 

the cardiac surgery patient. 

This study’s findings can help contribute to a better understanding of how a multimodal 

intraoperative technique involving acetaminophen and dexmedetomidine impacts postoperative 

outcomes in cardiac surgery patients. With this information, we can examine whether the long-

standing, high opioid anesthetic technique takes preference over an alternative intraoperative 

pain management protocol. This study will also address the need for future studies specific to 

multimodal pain management options in patients undergoing cardiac surgery.  



 51 
 

We found that there was an overall decrease in all opioid administration totals in the 

intervention group compared to the control group. Opioid totals were converted to morphine 

equivalents and averaged throughout the perioperative timeline.  The timeline was divided into: 

OR opioid, ICU opioid, floor opioid, hospital stay opioid, postoperative opioid (not including 

OR opioid), discharge opioid and refill opioids. Statistically significant decreases in opioid 

amounts were found for OR opioid totals, hospital stay opioid totals and discharge opioid totals. 

In the OR, opioid totals for the control group were higher than the intervention group (p < .001). 

Hospital stay opioid totals for the control group were higher compared to the intervention group 

(p = .03). Discharge opioid totals were also higher in the control group when compared to the 

intervention group (p < .001) (see Table 2 and Figure 2).   

Baseline comorbidities amongst the control and intervention groups significantly differed 

in regard to illicit drug use. Illicit drug use amongst the control group was significantly higher in 

the control group n=10 (7.6%) compared to the intervention group n=0 (0.0%), (p=.001) (see 

Table 1 and Figure 1). Illicit drug use can impact the patient’s pain thresholds and tolerance of 

pain medications, thereby interfering with the effectiveness of various pain regimens.  The 

increased opioid totals in the control group compared to the intervention group may have been 

influenced by the increased incidence of illicit drug use in the control group.  

These findings suggest that with the implemented pain protocol, opioid consumption 

throughout the perioperative timeline decreased. This includes a decrease in the amount of opioid 

medications patients are being sent home with. These findings support our country’s overall goal 

in reducing opioid related overdoses and death by the reduction of opioid medications available 

in the community. With less opioids available to the public, there may be less chance for 

inappropriate use and addiction.  
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Indeed,  decreased opioid requirements have been supported by previous studies that 

evaluated acetaminophen and dexmedetomidine integration separately38 39 41 54.  A study 

conducted by Jelacic, et al. did not coincide with our study’s longer-term findings.  Jelacic, et al. 

concluded that IV acetaminophen administration resulted in a 27% significant decrease in opioid 

usage in the first 24 hours post-operatively. Their study did not show a difference in opioid 

consumption beyond 24 hours 38.  Conversely, our study found a decrease in opioids throughout 

the perioperative timeline including the longer-term discharge opioid totals. Our findings may 

differ from the Jelacic, et al. study due to the integration of both acetaminophen and 

dexmedetomidine together or the continued use of oral acetaminophen throughout the post-

operative recovery period. Future research evaluating opioid requirements when both 

dexmedetomidine and acetaminophen are used together must be conducted with control for 

patient comorbidities to further validate these findings.   

The patients’ cardiovascular status was evaluated by determining the incidence of 

bradycardia through the patients’ postoperative pacing requirements while the incidence of 

hypotension was determined through the patients’ postoperative midodrine requirements. The 

requirements for both epicardial pacing and midodrine administration were increased in the 

intervention group. The only statistically significant cardiovascular status difference between the 

control and intervention group was for the epicardial pacing requirements. The incidence for 

epicardial pacing in the intervention group n=22 (16.8%) was lower than the intervention group 

n=59 (44.7%) (p= <.001) (see Table 4 and Figure 3).  

This increased incidence of epicardial pacing is clinically significant as this medical 

treatment requires ICU stay. With an increased requirement for epicardial pacing, patients will 

require more time in the ICU and a possibly increased total postoperative hospital length of stay. 

Longer ICU stay has been associated with increased hospital stay, hospital morbidity and 
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mortality and poor long term prognosis55. In a 2012 study that evaluated prolonged ICU stay in 

cardiac surgery patients, there was significant increases in ICU mortality (p <.001), hospital 

mortality (p <.001) and lower survival after discharge from the ICU (p <.001)56.  When a patient 

requires more ICU time, ICU beds are blocked for longer periods of time and this could delay or 

warrant the cancellation of other operations that would normally require post-operative ICU 

recovery. CABG surgery patients have been reported to have an 34.3% incidence of prolonged 

ICU stay (defined as >96 hours)55.  If ICU and postoperative hospital length of stay is increased 

in this already high-risk patient population, this protocol may not be cost-effective nor ideal for 

patient postoperative outcomes for institutions to implement.  

This finding of increased incidence of bradycardia and hypotension (although not 

statistically significant in this study) has been supported by other published studies44 45 57. For 

example, a study by Menda, et al. explored the hemodynamic effects of dexmedetomidine in 

CABG patients and determined a statistically significant decrease in the heart rate of patients that 

received dexmedetomidine42. A meta-analysis conducted by Geng, et al. reported that the most 

common side effects to dexmedetomidine were bradycardia and hypotension57.  

In contrast to our findings, an article by Jaionen, et al. evaluated the cardiovascular 

impacts of dexmedetomidine and concluded that the incidence of bradycardia was not 

statistically significant, whereas a statistically significant decrease in systolic arterial pressure of 

15-20mmHg was noted58. This difference may be due to varying definitions of hypotension and 

bradycardia in the Jalonen, et al. study and/or variances in threshold for treating hypotension and 

bradycardia by the practitioners that took care of the CABG surgery patients whose charts were 

reviewed during this current study.  

We determined the incidence of bradycardia through the patients’ postoperative pacing 

requirements while the incidence of hypotension was determined through the patients’ 
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postoperative midodrine requirements. Our team was unable to determine the cardiac rhythm that 

required pacing during the ICU. This could result in increased pacing incidence secondary to 

other arrhythmias independent of dexmedetomidine induced bradycardia. Midodrine 

administration was determined by the patient’s medical record. Each patient was treated with 

midodrine based on individual care team’s protocols and judgements on a case by case basis. 

Whereas the Jalonen, et al. study, measured the systolic blood pressure and HR variability of 

each patient under a curve of deviations from the patient’s mean value versus time (duration of 

the surgical procedure)58.  

Further research must occur to evaluate the cardiovascular impacts when both 

dexmedetomidine and acetaminophen are used together. This research must record the various 

arrhythmias that patient may encounter during the postoperative period. The study should also 

define and control the threshold for hypotension treatment. These adjustments will eliminate 

extraneous factors from impacting the results for epicardial pacing and midodrine requirements 

when assessing for bradycardia and hypotension incidence in the intervention group.  

This study also evaluated how the patients’ respiratory status was impacted by the 

alternative pain protocol implementation. Specifically, we looked at the total amount of time (in 

hours) the patients required mechanical ventilation after surgery.  Average mechanical 

ventilation time for the control group was lower than the intervention group (p = .94) (see Table 

4 and Figure 4). The increase in mechanical ventilation time was not statistically significant. 

Current literature reports limited and inconclusive results with regard to mechanical ventilation 

requirements. In a recent study that compared dexmedetomidine to remifentanil, the researchers 

found that dexmedetomidine allowed for arousable sedation and an increased respiratory rate46. 

At this time, more research must be conducted to determine the respiratory impacts of 

dexmedetomidine and acetaminophen when used together.  
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The difference in mechanical ventilation time may be attributed to the baseline 

comorbidity differences amongst the control and intervention groups. The intervention group had 

a significantly higher incidence for cerebrovascular disease n=25 (18.9%) compared to the 

control group n=13 (9.8%), (p=.04) and a significantly higher incidence of chronic lung disease 

n=42 (31.8%) compared to the control group n=26 (19.7%), (p=.02) (see Table 1 and Figure 1). 

These physiologic differences between the control and intervention groups may have attributed 

to the slight increase in the intervention group’s mechanical ventilation time. Literature has 

determined that cerebrovascular disease and chronic lung disease can cause an increased 

incidence for prolonged mechanical ventilation. A 2012 study determined that Chronic 

Obstructive Pulmonary Disease (COPD) was an independent predictor for prolonged ICU stay 

after cardiac procedures (p=.02)56. Another study that evaluated 830 CABG patients concluded 

that the patients that required prolonged ventilation has a higher rate of cerebrovascular disease 

(p=.032)59. 

It is very important to determine if the integration of these medications causes a direct 

increase in mechanical ventilation time. Increased mechanical ventilation time can negatively 

impact patient outcomes. It has been noted that prolonged mechanical ventilation is a significant 

cause of postoperative morbidity and mortality59. Causes for morbidity and mortality increases 

may be due to prolonged ICU stay, increased risk for malnutrition while mechanically ventilated, 

poor wound healing and increased incidence of ventilator associated pneumonia59.  It has been 

reported that there is a 2.9 to 8.6% incidence of prolonged mechanical ventilation in patients that 

received CABG surgery59. This further increased incidence secondary to the medications 

administered during this protocol may deem it not ideal for patient postoperative outcomes for 

institutions to implement.  
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 This study also investigated the administration of medications that are often given to 

patients to manage common opioid related side effects. For the purposes of this study, 

Ondansetron/Phenergan administration was compared to evaluate for need to treat PONV. 

Reglan/Miralax/Fleets Enema/Lactulose administration was compared to evaluate for the need to 

treat ileus. Lastly, Haldol/Seroquel was compared to evaluate for the need to treat delirium. Our 

findings determined there was no statistically significant difference in the administration of any 

of these medications between the control and intervention groups.  The incidence of 

postoperative Ondansetron/Phenergan administration in the control group was higher than the 

intervention group (p = .64). The incidence of postoperative Reglan/Miralax/Fleets 

Enema/Lactulose administration in the control group was lower than the intervention group (p = 

.15). The incidence of postoperative Haldol/Seroquel administration in the control group was the 

same as in the intervention group (see Table 5 and Figure 5). In summary, this study found a 

decreased need for Ondansetron/Phenergan (PONV treatment), an increased need for 

Reglan/Miralax/Fleets Enema/Lactulose (ileus treatment) and no change in need for 

Haldol/Seroquel (delirium treatment) in the intervention group.  

Our study’s findings of decreased need for Ondansetron/Phenergan (PONV treatment) 

are consistent with existing literature. One study investigated the impact that IV acetaminophen 

had on gastrectomy patients; PONV occurrence was reduced from 26% to 12.5% after the 

introduction of IV acetaminophen60. Another study evaluated the impact that dexmedetomidine 

had on PONV in breast cancer surgery. The study concluded that there was a significant 

reduction in PONV in females who received dexmedetomidine in the first 24 hours of surgery61. 

Future studies should evaluate the impact of PONV when both acetaminophen and 

dexmedetomidine are administered to cardiac surgery patients.  
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Evaluation of medications used to treat ileus revealed an increase in medication usage. 

Our results conflict with several studies. When investigating 97 colorectal patients, one study 

determined that the rate of ileus was reduced from 22% to 2.1% with the introduction of IV 

acetaminophen62. Another study conducted evaluated the impact of dexmedetomidine infusions 

in gastrectomy patients. The study concluded that there was a significant reduction in the amount 

of time for first flatus in patients who received dexmedetomidine63. This difference in findings 

may be attributed to variances in healthcare providers’ threshold for administration of 

Reglan/Miralax/Fleets Enema/Lactulose in our retrospective study. Future studies should 

evaluate the occurrence of ileus when both acetaminophen and dexmedetomidine are 

administered to cardiac surgery patients.  

This study found no difference in need for Haldol/Seroquel (delirium treatment). Other 

studies have found that there is a decreased incidence of delirium when dexmedetomidine is 

given alone. A recent study investigated the integration of acetaminophen and dexmedetomidine 

in cardiac surgery patients. This prospective, randomized controlled trial is still undergoing, but 

the pilot study (n=12) showed a 66% reduction in the incidence of delirium2. Further studies 

involving acetaminophen and dexmedetomidine integration are necessary.   

Postoperative ICU length of stay (in hours) and postoperative hospital length of stay (in 

days) was also analyzed during this study. We found that there was small difference in 

postoperative ICU length of stay in the patients who received the alternative pain protocol. 

Average postoperative ICU length of stay (in hours) for the control group was lower than for the 

intervention group (p = .83) (see Table 5 and Figure 6). There was a significant increase in 

postoperative hospital length of stay in the patients who received the alternative pain protocol. 

Postoperative length of stay in the control group average 5.8 days (SD = 2.1) compared to the 

intervention group average of 7.2 days (SD = 2.9), (p <.001) (see Table 5 and Figure 7).  
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Our study noted an increase in ICU length of stay and postoperative hospital length of 

stay. This is different from published research involving dexmedetomidine. A recent study 

evaluated the impact of dexmedetomidine on prolonged hospitalization in 1302 patients who 

received cardiac surgery. The study concluded that the administration of dexmedetomidine 

resulted in a significant decrease in the incidence of prolonged hospitalization64. A 2016 meta-

analysis stated that studies have shown a decrease in ICU length of time and hospital length of 

stay57. Findings involving acetaminophen and postoperative ICU length of stay and postoperative 

length of stay are inconclusive in the literature. Another study evaluated the impact of IV 

acetaminophen in cardiac surgery patients. This study concluded that in the patients who 

received IV acetaminophen, there was no significant difference in ICU length of stay nor 

hospital length of stay65.  

This insignificant increase in postoperative ICU length of stay and significant increase in 

postoperative hospital length of stay in the intervention group may be attributed to the baseline 

comorbidity differences between the control and intervention groups. As mentioned earlier, the 

intervention group had a significantly higher incidence for cerebrovascular disease n=25 (18.9%) 

compared to the control group n=13 (9.8%), (p=.04) and a significantly higher incidence of 

chronic lung disease n=42 (31.8%) compared to the control group n=26 (19.7%), (p=.02) (see 

Table 1 and Figure 1). These physiologic differences between the control and intervention 

groups may have attributed to the increase in the intervention group’s postoperative ICU length 

of stay and the postoperative hospital length of stay. These differences may also be due to the 

statistically increased incidence of epicardial pacing and insignificant increased amount of 

mechanical ventilation time in the intervention group. These findings must be further 

investigated while controlling for baseline comorbidities in both the intervention and control 

groups.  
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It will be imperative to determine if the integration of these medications causes a direct 

increase in medical treatments such as epicardial pacing and mechanical ventilation that require 

ICU stay. If there is a direct correlation to increased ICU and postoperative hospital length of 

stay, this protocol may not be cost-effective nor ideal for patient postoperative outcomes for 

institutions to implement.  

  
  

Limitation and Future Recommendations 

  

 Multiple limitations to this study have been noted. These limitations may have impacted 

the study’s findings and addressing these in future studies is highly recommended. The first 

limitation for this study is that it is a retrospective study. Being retrospective, all data is 

preexisting, and the control and intervention groups were recruited through randomized 

convenience sampling. Convenience sampling does not allow for findings to be inferred to the 

general population.  A future study would ideally be a prospective study. 

Next, this study only took place in one hospital and only investigated the impact of the 

pain protocol in one type of cardiac surgery. This is a very small subset of the generalizable 

population. The study also only investigated the impact of the pain protocol in one type of 

cardiac surgery. Future studies following should include a larger population involving multiple 

hospitals and multiple cardiac surgeries in various geographic locations. With these adjustments 

in study design and population, the findings will be able to be generalizable and be of asset to 

adjustments in current pain protocol practices for cardiac surgery patients.  

Retrospective studies are also considered inferior to prospective studies as they are 

unable to control for working variables of both the control and intervention groups. This prevents 

the ability for findings to be free of selection bias. This study had significant differences in 
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baseline comorbidities between the control and intervention groups. These differences in the 

incidence of cerebrovascular disease, chronic lung disease and illicit drug use may have 

impacted the study’s primary and secondary results. Ideally, a future study would control for any 

baseline demographic and/or comorbidity differences that may influence the results of the study.  

 This study was conducted via chart review. Chart reviews require all data collection to 

rely on pre-existing data that was input by multiple providers.  Additionally, findings must rely 

on accuracy of recordkeeping and the data collecting process. All data in the charts has potential 

to have been inaccurately charted by the recordkeepers. The data collector may also have missed 

some portions of the data due to inconsistencies of where the data was located in the chart.  In 

future studies, this risk of inaccuracies may not be able to be completely eliminated, but it can be 

reduced. In a prospective study, proper training of all recordkeepers and data collectors prior to 

the study’s roll out could improve data accuracy.  

Finally, this study’s results may also have also been impacted by extraneous influences 

including increased social awareness of the opioid epidemic in both the providers and the 

patients. With the opioid epidemic having become a national hot topic during the timeline of this 

study, many providers and patients may have changed their preferences in providing/receiving 

care. With the increased awareness, patients may have become more involved in requesting less 

opioids during the perioperative timeline. This request could result in decreased opioid totals 

independent of the pain protocol implementation.  

Like patients, providers too, may have decided to change their practices of prescribing 

opioids during the study period. In addition, prescribing practices may have been impacted by 

changing hospital culture as the opioid epidemic has continued to be highlighted. Providers were 

also all aware of the pain protocol implementation. When the pain protocol announcement was 

made to the necessary team members involved, this could have impacted the provider’s decisions 
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on what to prescribe during the perioperative timeline. Future studies may not be able to control 

for the external impacts secondary to social awareness of the opioid epidemic, but the study 

could create provider blindness. If providers who prescribe the opioids are unaware of the pain 

protocol implementation, the results may be more indicative of the protocol intervention.  

All of these limitations could have impacted the research findings independent of the 

implementation of the pain protocol; a future research study that controls for these limitations is 

imperative. In conclusion, a prospective, double-blinded study that involves different cardiac 

surgeries in multiple large institutions across the country is recommended.  

 

Implications 

 

 This study resulted in significant findings that can be used to further develop our 

knowledge in the treatment of pain for cardiac surgery patients. This information must be first 

researched through reproducible prospective studies prior to any causation.  In conclusion, this 

study determined that patients who received the alternative pain protocol involving 

dexmedetomidine and acetaminophen, required a significantly lower number of opioids in the 

operating room, during their entire hospital stay and upon discharge. However, there were no 

differences in the administration of medications to combat common opioid side effects between 

the two groups. Patients that received the alternative pain protocol also required epicardial 

pacing significantly more than the control group. Although mechanical ventilation time was not 

significantly increased in the intervention group, there was a significant increase in total 

postoperative length of stay.  

 At this time the results determined by this study cannot be generalizable but can be used 

to help offset the amount of opioids prescribed in the hospital. The results may be able help 
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guide pain treatment protocols in not only cardiac surgery, but any postoperative procedure 

where acetaminophen or dexmedetomidine are not contraindicated. Prescribers for these 

protocols include not only CRNAS, but other advanced practice providers and physicians.  This 

information must be further evaluated to determine if this protocol had direct causation in 

increasing pacing requirements and total postoperative stay. If so, this protocol may not be cost-

effective to hospitals and may require adjustments in dosing etc. to offset the negative side 

effects.  
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APPENDIX A: SAMPLE SIZE CALCULATOR 
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APPENDIX B: DATA COLLECTION TOOL  

 

Pain Protocol Implementation in CABG Patients 
 

Last four digits of MRN:   
 
Received Pain Protocol: 
(circle one) YES NO 

 
Demographics:  
Gender: 
(circle one) Male Female 

Race/Ethnicity: 
(circle one) 

American Indian or 
Alaska Native Asian 

Black or 
African 

American 

Hispanic or Latino Native Hawaiian or Pacific 
Islander White 

Age (years):  
 BMI (kg/m2):  

 
 
Co-Morbidities: (circle all that apply) 

Cancer within 5 years Depression Illicit drug use 

Chronic pain Diabetes Mellitus Alcohol use 

Hypertension Past tobacco use Peripheral arterial 
disease 

Dyslipidemia Current tobacco use  History of stroke 
Renal failure- requiring 

dialysis Cerebrovascular disease Recent MI 

Liver Disease Chronic Lung Disease  
 
 
Medications Administered:  (circle one) 
Ondansetron/Phenergan- PONV  Yes No 
Reglan/Miralax/Fleets/Lactulose- Ileus Yes No 
Haldol/Seroquel - Delirium Yes No 

 
Opioid Alternatives 
Administered: (circle one) 

Preop Acetaminophen PO  YES NO 
IV Acetaminophen OR  YES NO 
IV Acetaminophen ICU  YES NO 
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Postop Acetaminophen PO YES NO 
Dexmedetomidine  YES NO 

 
 

Narcotic Medications Administered:  
(total dose received in 
PO morphine equivalent 
mg) 

 

Fentanyl (mcg) IV  mg x 0.1 
Hydrocodone (mg)  mg x 1 
Hydromorphone (mg) IV mg x 4 
Meperidine hydrochloride (mg) mg x 0.10 
Morphine (IV) mg x 3 
Oxycodone (mg) PO mg x 1.5 
Tramadol (mg) mg x 0.1 
**conversion factors obtained from: https://www-cdc-
gov.proxy.library.georgetown.edu/drugoverdose/prevention/prescribing.html 
 

 
Post-Operative Outcomes:  
Mechanical Ventilation 
requirement:  
(enter date/time) 

Intubation: Extubation:  

Midodrine administered: 
 YES  NO  

Epicardial pacing required:  YES  NO  
 
 

Length of Stay Outcomes:  
Postop hours in ICU:  
(hours)   

Postop Length of Stay:  
(days)   
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APPENDIX C: FACILITY PERMISSION LETTER  

 
 

 
 
 
 
 

 
 
 
 
 



 67 
 

APPENDIX D: CITI COMPLETION CERTIFICATE  

 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 68 
 

APPENDIX E: MANN-WHITNEY TESTS 

 
 

Mann-Whitney Test: OR Opioid  
 
Ranks 
 Intervention N Mean Rank Sum of Ranks 
OR Opioid (morphine eq 
mg) 

Control 132 157.80 20829.00 
Intervention 132 107.20 14151.00 
Total 264   

 
Test Statisticsa 

 

OR Opioid 
(morphine eq 

mg) 
Mann-Whitney U 5373.000 
Wilcoxon W 14151.000 
Z -5.683 
Asymp. Sig. (2-tailed) .000 
a. Grouping Variable: Intervention 
 
 
Mann-Whitney Test: D/C Opioid  
 
Ranks 
 Intervention N Mean Rank Sum of Ranks 
D/C Opioid morphine eq 
mg 

Control 132 172.36 22751.00 
Intervention 132 92.64 12229.00 
Total 264   

 
Test Statisticsa 

 

D/C Opioid 
morphine eq 

mg 
Mann-Whitney U 3451.000 
Wilcoxon W 12229.000 
Z -8.542 
Asymp. Sig. (2-tailed) .000 
a. Grouping Variable: Intervention 
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Mann-Whitney Test: Post-operative Hospital Stay  
 
Ranks 
 Intervention N Mean Rank Sum of Ranks 
Hospital Stay (days) Control 132 113.88 15031.50 

Intervention 132 151.13 19948.50 
Total 264   

 
Test Statisticsa 

 
Hospital Stay 

(days) 
Mann-Whitney U 6253.500 
Wilcoxon W 15031.500 
Z -4.006 
Asymp. Sig. (2-tailed) .000 
a. Grouping Variable: Intervention 
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APPENDIX F: LINEAR AND LOGISTIC REGRESSION TESTS  

 
Predicting Opioid Amounts Controlling for Conditions that Significantly Differed between 
Intervention and Control Groups using Linear Regression 

Model 
Unstandardized Coefficients 

t P B Std. Error 
OR Constant 378.377 10.016 37.779 < .000 
 Intervention -72.718 13.341 -5.451 < .000 
 Cerebrovascular Disease -2.814 18.886 -.149 .882 
 Chronic Lung Disease 2.821 15.168 .186 .853 
 Illicit Drug Use 25.404 34.542 .735 .463 
 F(4, 259) = 8.516    < .001 
 R2 = .116     

Model 
Unstandardized Coefficients 

t P B Std. Error 
ICU Constant 531.715 34.885 15.242 < .000 
 Intervention -4.032 46.467 -.087 .931 
 Cerebrovascular Disease -36.487 65.781 -.555 .580 
 Chronic Lung Disease -23.629 52.831 -.447 .655 
 Illicit Drug Use 174.725 120.311 1.452 .148 
 F(4, 259) = 0.746    .561 
 R2 = .011     

Model 
Unstandardized Coefficients 

t P B Std. Error 
Floor Constant 54.682 16.801 3.255 .001 
 Intervention -23.952 22.379 -1.070 .285 
 Cerebrovascular Disease -8.680 31.680 -.274 .784 
 Chronic Lung Disease 7.254 25.444 .285 .776 
 Illicit Drug Use -19.921 57.942 -.344 .731 
 F(4, 259) = 0.335    .854 
 R2 = .005     

Model 
Unstandardized Coefficients 

t P B Std. Error 
Total 
Hosp-
ital 
Stay 

Constant 964.774 43.531 22.163  < .000 
Intervention -100.703 57.984 -1.737 .084 
Cerebrovascular Disease -47.981 82.084 -.585 .559 
Chronic Lung Disease -13.554 65.925 -.206 .837 
Illicit Drug Use 180.208 150.129 1.200 .231 
F(4, 259) = 1.614    .171 
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 R2 = .156     

Model 
Unstandardized Coefficients 

t P B Std. Error 
Post 
Op 

Constant 586.397 42.122 13.921  <.000 
Intervention -27.984 56.107 -.499 .618 

 Cerebrovascular Disease -45.167 79.428 -.569 .570 
 Chronic Lung Disease -16.374 63.792 -.257 .798 
 Illicit Drug Use 154.804 145.270 1.066 .288 
 F(4, 259) = 0.568    .686 
 R2 = .009     

Model 
Unstandardized Coefficients 

t P B Std. Error 
Dis-
charge 

Constant 285.539 36.043 7.922 < .000 
Intervention -178.366 48.010 -3.715 < .000 

 Cerebrovascular Disease -22.676 67.965 -.334 .739 
 Chronic Lung Disease -33.153 54.585 -.607 .544 
 Illicit Drug Use 9.811 124.306 .079 .937 
 F(4, 259) = 4.136    .003 
 R2 = .060     
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Predicting Length of Care Controlling for Conditions that Significantly Differed between 
Intervention and Control Groups using Linear Regression 

Model 
Unstandardized Coefficients 

t P B Std. Error 
Total 
Post 
Op 
Hours 
ICU 

Constant 37.105 3.076 12.064 < .000 
Intervention .394 4.097 .096 .923 
Cerebrovascular Disease 6.674 5.800 1.151 .251 
Chronic Lung Disease 9.605 4.658 2.062 .040 
Illicit Drug Use 17.080 10.607 1.610 .109 
F(4, 259) = 2.327    .057 
R2 = .035     

Model 
Unstandardized Coefficients 

t P B Std. Error 
Total 
Hours 
Post 
Op 
Vent 

Constant 8.691 .912 9.525 < .000 
Intervention .631 1.215 .519 .604 
Cerebrovascular Disease 1.989 1.721 1.156 .249 
Chronic Lung Disease -.970 1.382 -.702 .483 
Illicit Drug Use 8.055 3.147 2.560 .011 
F(4, 259) = 2.178    .072 
R2 = .033     

Model 
Unstandardized Coefficients 

t P B Std. Error 
Hosp 
LOS 
in 
Days 

Constant 5.454 .237 23.056 < .000 
Intervention 1.338 .315 4.248 < .000 
Cerebrovascular Disease .411 .446 .922 .358 
Chronic Lung Disease .885 .358 2.469 .014 
Illicit Drug Use 1.376 .816 1.686 .093 
F(4, 259) = 7.830    .< .001 
R2 = .108     
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Predicting Probability of Pacing using Logistic Regression 

 
Odds 
Ratio Wald df Sig. 

Pacing Intervention 3.469 17.525 1 < .000 
Cerebrovascular Disease 1.196 .207 1 .650 
Chronic Lung Disease 1.542 1.895 1 .169 
Illicit Drug Use .000 .000 1 .999 
Constant .196 .000 1 .999 
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