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ABSTRACT 

 

Title of Dissertation: Post-operative epicardial pacing and hemodynamic support among 

Aortic Valve Replacement Patients 

 

Barbara Brady, Doctor of Philosophy, 2013 

 

Dissertation Directed by: Dr. Carla Storr, Professor, University of Maryland, School of 

Nursing 

 

Background: Burdens of cardiac and extra-cardiac co-morbidity, coupled with complex 

surgical and anesthesia interventions, require intense intra- and post-operative monitoring 

and care to optimize outcomes. Despite a need for clinical guidance, a paucity of studies 

explores post-operative temporary epicardial pacing, vasopressor and inotropic medication 

use among aortic valve replacement (AVR) patients.    

 

Purpose:  To better target post-operative interventions for AVR patients, associations 

between pre and intra-operative risk factors (e.g., chronic conditions, QRS duration and 

medication use), cardiovascular interventions (pacing and hemodynamic support), and post-

operative outcomes (morbidity and resource utilization) were explored.   

 

Methods:  Medical records of 195 patients having an AVR from 11/2007 to 10/2011 were 

reviewed from a single academic medical center.  Cross-sectional analyses used 

multivariable analyses to identify factors associated with temporary epicardial pacing, acute 

kidney injury, and length of stay. 

 

 Results: Patients were equally represented in gender, nearly all (88%) Caucasian, with a 

mean age of 67.7 years (SD=12.9).  More than a third of patients (36%) were paced at time 

of bypass separation; 13% of the total continued to be paced after 7 a.m. of post-operative 

day-1. Females were more likely to be paced in the CSICU (OR = 3.08, 1.30-7.31), while 

pre-operative co-morbidities, ejection fraction, QRS duration, stain or ACE/ARB uses and 

CPB time did not have an independent effect. Post-operative pacing and level of 

hemodynamic support were not associated with day-2 renal function. Prolonged CSICU stays 

were associated with female gender, age>75 years, and if both epicardial and hemodynamic 

supports were used as compared to no cardiovascular support.  Prolonged hospital stays were 

associated with prolonged CSICU stay > 4 days and age>75 years.   

 

Conclusions:  Post-operative management of AVR patients has considerable variability. 

While it would be useful to pre-operatively identify patients requiring extended post-

operative pacing and hemodynamic support, no co-morbidities were associated. Additional 

studies are needed to better risk stratify AVR patients so interventions can be targeted so the 

care team can better plan care and monitor progress.   
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CHAPTER 1:  

INTRODUCTION 

 

1.0 Cardiovascular Disease  

Cardiovascular diseases are the most widespread and costly health care diagnoses in 

the U.S.  Yearly, cardiovascular disease accounts for more than 79 million doctor visits, 6 

million hospitalizations and direct costs of 300 billion U.S. dollars (Goldbarg et al. 2008; 

Heidenreich, 2011).  These costs are projected to triple over the next 20 years to $1.1 trillion, 

as the proportion of elderly increases (Heidenreich, 2011).  Aortic valve disease is the third 

most common cardiovascular disease, and accounts for 25% of the five million people living 

with valvular heart disease in the U.S. (Bossé, 2008; Irwin, & Rippe, 2012; Eveborn, 

Schirmer, Heggelund, Lunde, & Rasmussen, 2012).  Aortic stenosis (AS), is the most 

common valvular dysfunction in patients over age of 65 years, occurring more frequently in 

men and was the primary diagnosis among 25,000 U.S. deaths during 2006 (Bossé, 2008; 

GeiBler, Schlensak, Sudkamp, & Beyersdorf, 2009; Thom, 2007).        

1.1 Role of Healthcare Delivery in Cardiovascular Disease 

Healthcare has gone through an expansive growth in knowledge and technology 

(IOM, 2012).  This growth has increased clinician’s ability to manage more complex disease 

processes.  Cardiac and extra-cardiac co-morbidities, coupled with complex surgical 

procedures and anesthesia management, require health care providers to be hyper-vigilant in 

risk identification and care delivery to reduce mortality and morbidity (IOM, 2012; 

Moonesinghe, Mythen, & Grocott, 2011).   Policymakers, employers, and consumers, are 

demanding improved cost-efficient quality care, while the technological imperative calls for 

doing more regardless of cost.   As healthcare is transitioning from a volume-driven to value 

enhancing paradigm, health providers must collaborate in decision-making and have clear 
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rationale for treatment decisions (Dewey, et al., 2012).  Patients rely on healthcare workers to 

provide optimal care for their well-being.  

The American College of Cardiology and American Heart Association agree it is 

imperative for health care providers to critically assess patient risks, evaluate current 

therapies and outcomes (ACC, 2010; AHA, 2008).  Researchers must examine “use, quality, 

accessibility, delivery, organization, financing, and outcomes of health care services to 

increase knowledge and understanding of structure, processes and effects of health services 

for individuals and populations” (Institution of Medicine, 1995).  Improving post-operative 

care and safety is imperative to reduce potentially avoidable complications, mortality and 

morbidity (IOM, 2012; IOM, 1995; Khuri, 2005; Nowicki, et al., 2004; Rosamond, 2007; 

Litmathe, 2011; St. Andre & DelRossi, 2005).  Ultimately, vigilance will improve health 

outcomes and enable equitable distribution of resources (Lahtinen, 2007; Thys, Hillel & 

Schwartz, 2001; Van den Heede, 2009).  

1.2 Aortic Valve Surgical Intervention  

Surgical replacement of a diseased aortic valve is the gold standard treatment 

extending life expectancy and improving quality of life with the fewest complications 

(Brown, et al., 2008; Goldberg, et al., 2013; Jung, et al., 2009; Litmathe, 2011; Nowicki, et 

al., 2004; Pai, 2008; Wu, et al., 2007).  Currently, aortic valve replacement (AVR) is the 

second most common indication for cardiac surgery and accounted for 18% to 22% of all 

U.S. cardiac surgeries from 2000 to 2006 (O’Brien, et al., 2009; Roberts & Ko, 2005).  

Reductions in mortality rates for medically complex patients has increased surgical eligibility 

and created a more inclusive surgical environment. Studies examining medical costs and 

quality adjusted life-years have concluded that AVR surgical interventions are cost-effective 
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among all patients seeking interventions (Bossé 2008; Di Eusanio, et al., 2012; Rosamond, 

2007 Norwicki, et al., 2004; St. Andre & DelRossi, 2005).  Mean cost for an uncomplicated 

AVR is $60,000 with a range of $20,000 to $120,000 in 2005 U.S. dollars, (Wu, et al., 2007).  

AVR procedures were done on 95,033 Medicare patients from 2007 to 2008; (Bossone, et al, 

2007; Di Eusanio, et al., 2012; Finks, Osborne & Birkmeyer, 2011; Hall, 2010; GeiBler, 

Schlensak, Sudkamp, & Beyersdorf, 2009; Wu, et al., 2007).   

     1.2.1     AVR Risks  
 

Risk factors associated with post-operative morbidity and mortality include: age; 

female gender; body surface area greater than 1.7 meters
2
; diabetes mellitus; prior stroke; 

elevated serum creatinine; prior cardiac surgery; coronary artery disease; pre-operative atrial 

fibrillation; reduced ejection fraction and heart failure symptoms (Di Eusanio, et al., 2012; 

Goldberg, et al., 2013; O’Brien, et al., 2009; Norwicki, et al., 2004; Thourani, et al. 2011, 

Vasques, et al., 2012; Yuh, Vricella & Baumgartner, 2007).  Aortic stenosis patients typically 

have multiple co-morbidities of left ventricular dysfunction, cardiac conduction defects, 

diabetes mellitus, and chronic renal insufficiency (Yuh, Vricella & Baumgartner, 2007).  

Medically frail patients have limited physiologic reserve, lack the ability to compensate for 

post-operative organ hypo-perfusion, ischemia and injury increasing post-operative mortality 

and morbidity complications (Ahmed, House & Nelson, 2009; Di Eusanio, et al., 2012; Jung, 

et al., 2009; Goldberg, et al., 2013; O’Brien et al., 2009; Pearse, Holt, & Grocott, 2011; 

Thourani, et al., 2011; Yuh, Vricella & Baumgartner, 2007).  Diminished pre-operative 

functional status can transition an early post-operative morbidity into a late post-operative 

mortality and increase post discharge mortality.  This phenomenon is specific to AVR 
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patients and the mechanism of this pathology is unclear (Henry, et al., 2012; Gardener, et al., 

2004; Gaudino, et. al., 2007). 

Surgical trauma can cause temporary or permanent injury to aortic, myocardial, 

vascular, and/or endothelial tissues (Epstein, et al. 2008; Merli, & Weitz, 2008; Yao, 

Malhotra, & Fontes, 2012; Yuh, Vricella & Baumgartner, 2007).  Cardiopulmonary bypass 

(CPB) therapy alters pharmacokinetics, activates platelets, and induces systemic tissue 

inflammation (Bojar, 2003; Gardener, et al., 2004; Morgan, Mikhail, & Murray, 2006; Yuh, 

Vricella & Baumgartner, 2007; Yao, Malhotra, & Fontes, 2012).  Combined, these factors 

have synergistic effects, further increasing risks for arrhythmias, hypo-perfusion and 

decreased cardiac output (Adams, 2011; Bojar, 2003; Yao, Malhotra, & Fontes, 2012; Yuh, 

Vricella & Baumgartner, 2007).   

     1.2.2     Post-operative Outcomes 
 

Evaluation of patient outcomes is an important step to assess and improve quality of 

care (Antunes, de Oliveira, & Antunes, 2009).  The magnitude and consequences of a 

surgical intervention is a complex interaction of physiological, endocrine and inflammatory 

responses resulting in hemodynamic alterations (Howell, et al., 2011; Pearse, Holt & Grocott, 

2011).  The most common causes of early death among AVR patients are low cardiac output, 

multi-system organ failure, sepsis, pulmonary insufficiency and stroke (Litmathe, et al., 

2011; Fabbri, et al., 2004; Gardener, et al., 2004; Litmathe, et al., 2011).  Composite post-

operative mortality and morbidity estimates are 17.4% with mortality rates ranging from 1.8 

to 16.4% (Dewey, et al., 2008; Di Eusanio, et al., 2012; O’Brien, et al., 2009; Norwicki, et 

al., 2004; Thourani, et al. 2011, Vasques, et al., 2012).  Late post-operative deaths are 

typically from structural valve deterioration, endocarditis, re-operations, neurological, and 
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peripheral thromboembolic events (Fabbri, et al., 2004).  Improved surgical techniques and 

post-operative care have reduced mortality, but have increased morbidity rates (Bossé 2008; 

Di Eusanio, et al., 2012; Korach, et al., 2010; Rosamond, 2007; Northrup, 2004; Sawaya, et 

al., 2012; Stähli, et al., 2012).  The most common post-operative complication is arrhythmias, 

including heart block (5-25%) and atrial fibrillation (24-66%) (Dawkins, et al., 2008; Follath 

& Ginks, 1972; Van Mieghem, et al., 2012).  Less common are renal failure (4.1- 8.2%); 

prolonged ventilation (1.8-10.9%) and stroke (1.5-3.7%) (Dewey, et al., 2008; Di Eusanio, et 

al., 2012; O’Brien, et al., 2009; Norwicki, et al., 2004; Thourani, et al. 2011, Vasques, et al., 

2012).   

1.3 Problem Statement 

The prevalence of calcified aortic valve disease accelerates, as the U.S. population 

ages, increasing the number of corrective surgical procedures required (Bossone, et al, 2007; 

Lithmathe, 2011).  Aortic valve replacement patients have unique risks due to depressed left 

ventricular function, long cardiopulmonary bypass times, aortic and endothelial dysfunction 

(Ahmed, House & Nelson, 2009; Bojar, 2008; Bonow, et al., 2012; Bossé, 2008).  This 

complex surgical population requires integrated approaches to minimize mortality and 

morbidity (Hamilton, Maurizio, & Rhoades, 2010; Lee, Flammer, Lerman & Lerman, 2012; 

Pearse, Holt & Grocott, 2011).  Epicardial pacing and hemodymamic support are commonly 

used, although there is not clear guidance on when to use, for how long, and the implications 

of extended use. There is a paucity of studies describing use of intra and post-operative 

cardiovascular interventions, despite the need for improved clinical understanding of risk 

reduction in the immediate post-operative period (Hudson, 2008; Huen & Parikh, 2012; 

Levin, 2011; Mangano et al,1998; Riha, Patel, Valentine, Lane & Augoustides, 2012; St 
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Andre & DelRossi, 2005).  ICU care should prevent potentially avoidable complications, 

through recognition of risk factors and maintenance of tissue perfusion gradients.  

Ultimately, identifying and reducing risks will decrease hypoperfusion episodes, acute 

kidney injury, and intensive care as well as hospital lengths of stay.  This study identified 

vulnerable populations for post-operative epicardial pacing and examined outcomes of 

prolonged cardiovascular support.  Overall, this information will inform practice, enhance 

patient safety and ultimately improve post-operative care (Lahtinen, 2007; Pearse, Holt & 

Grocott, 2011).   

1.4 Study Purpose and aims 

The purposes of this study were to describe intra and post-operative cardiovascular 

interventions among a sample of elective isolated aortic valve replacement (AVR) patients, 

and to explore associations of these interventions with pre-operative co-morbidities and post-

operative outcomes.  Cardiovascular interventions encompassed intra and post-operative 

temporary epicardial pacing, hemodynamic support (e.g., vasopressor and inotropic 

medication use).  Control variables included pre-operative aortic pathology, chronic kidney 

disease, diabetes mellitus, ejection fraction, and QRS duration and medication use as well as 

cardiopulmonary bypass time.   
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To address these purposes, a descriptive exploratory study of AVR postoperative 

patients was conducted to: 

1. Examine the factors influencing the postoperative use of epicardial pacing and 

hemodynamic support. 

2. Determine if there is a relationship between the use of epicardial pacing and 

hemodynamic support on outcomes (renal status and length of stay). 

1.5  Conceptual Framework 

Donabedian’s (1970) model provides a unifying framework for health services and 

outcomes assessment (Halpin, 2000; Noyez, et al., 2010).  In this model, healthcare services 

are assessed from three perspectives: (1) structure; physical and structural setting in which 

healthcare is delivered; (2) process; what is done for patients including resource utilization; 

and (3) outcome; healthcare result (Halpin, 2000).  Conceptually, Donabedian’s model was 

expanded in the literature to include antecedents, patient outcomes and health service 

utilization (Coyles & Battles, 1999; Pezzella, 2005).  Donabedian’s model has been 

expanded in the literature to include antecedents, health services utilization and effectiveness 

of health care delivery including mortality and morbidity (Coyles & Battles, 1999; Noyez, et 

al., 2010; Pezzella, 2005).   

For this study, data on patient characteristics, cardiovascular care and outcomes are 

included from pre-, intra-, and post-operative timeframes of the index hospitalization (Figure 

1.1).  Specifically, antecedents include patient attributes (aortic pathology, chronic kidney 

disease, diabetes mellitus, ejection fraction and QRS duration) and medication use as well as 

intra-operative CPB time.  Health care processes are measured as intra and post-operative 
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cardiovascular interventions including temporary endocardial pacing and hemodynamic 

support medications.  Study outcomes are post-operative morbidity and resource utilization.   

Figure 1.1 Adapted Donabedian’s model of post-operative hemodynamics,  

                 cardiovascular interventions and hospital course among AVR patients  
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2. The first two hours after an AVR procedure are the most challenging of the post-

operative period and occurrences during this time can establish a potential conduit for the 

remaining hospitalization.  

3.  Most elective AVR surgical patients achieve adequate physiologic stabilization within 

the first two post-operative hours. 

4.  As part of routine post-operative care, patients are volume resuscitated to euvolemia with 

stroke volume optimization.   

1.7      Study Conceptual Definitions 

Health Outcomes included post-operative morbidity (renal status) and resource utilization   

(post-operative lengths of stay in CSICU and hospital). 

Processes were post-operative cardiovascular interventions used to support tissue perfusion, 

oxygen delivery and waste removal, e.g. temporary epicardial pacing, and hemodynamic 

support of vasopressor and/or inotropic medications.  

Antecedents encompassed pre-operative factors of co-morbidities, intra-operative support 

(cardiopulmonary bypass, epicardial pacing and hemodynamic supports) and post-

operative hemodynamics.    

Vasopressor support intravenous medications used to increase blood pressure either by 

vasoconstriction of arterial/arteriole smooth muscle or sodium reabsorption and water 

retention.  

1.8 Study’s Relevance to Nursing 

Critical post-operative cardiac surgery care requires immediate complex decision 

making by health care providers (Currey & Botti, 2005).  Nurses, as front-line workers, are 

first responders to patient needs, and must have well-developed critical thinking skills to 
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optimize patient-focused treatment strategies in collaboration with multidisciplinary teams 

(Hamilton, Maurizio & Rhoades, 2010; Mebazza, et al., 2010; Pearse, Holt & Grocott, 2011).  

Nurses must assess origins of hemodynamic instability and plan decisive actions (Currey & 

Botti, 2005).  Nurses must possess skills to utilize evidence based practice (EBP) to advocate 

for their patients and deliver state of the art care.  Judicious delivery of care for optimal tissue 

perfusion is an important process outcome in intensive care units, as hypo-perfusion is 

associated with prolonged length of stays as well as increased mortality, morbidity, and costs 

(Eltheni, et al., 2012; Lahtinen, 2007; Mebazza, et al., 2010; Paulding, 2011).   

Increased social pressures from market competition, consumer demands, and open-

reporting have resulted in an even closer scrutiny of cardiac surgical outcomes.  ICU cost 

reduction is imperative, as nearly 5% of all US total healthcare expenditures and as much as 

20% of total hospital costs in major medical centers are from ICU care (Ghotkar, et al., 

2011).  This study provided data for risk identification, and outcome evaluation of 

cardiovascular interventions. Exploring these associations may ultimately propose methods 

to reduce morbidity, mortality, length of stay and healthcare costs and are important nursing 

as well as public health issues.    

1.9 Summary 

In summary, aortic valve replacement patients are a high volume, high-risk 

population with multiple co-morbidities.  Post-operative complications are frequent 

occurrences among this population (Birkmeyer, 2000; Curry & Botti, 2006; Finks, Osborne 

& Birkmeyer, 201; Florath, et al., 2005; Hudson, et al., 2008; St. Andre & DelRossi, 2005).  

It is critical for these patients to have timely, pertinent and optimized care to reduce post-

operative morbidity.  This study, using Donabedian’s theoretical model as a framework, 
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examined associations between co-morbidities, cardiovascular interventions and hospital 

course among AVR patients.   
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CHAPTER 2:   

LITERATURE REVIEW  

2.1 Overview 

This chapter presents a literature review on post-operative morbidity cardiovascular 

interventions, and resource utilization among AVR patients.  The first section provides an 

overview of aortic valve disease, post-operative morbidities (hour-2 hemodynamics, and 

renal status) and cardiovascular interventions.  The next section includes a discussion of 

research methodologies and associations among antecedents (co-morbidities and 

cardiopulmonary bypass surgical parameters), cardiovascular support, and hospital course 

(post-operative AKI and resource utilization) and gaps in the literature are summarized.  

2.2 Aortic Valve Pathology 

The primary pathology of aortic stenosis is an inflammatory process with progressive 

leaflet calcification resulting in thickened rigid valve (Bonow, et al., 2012; Bossé, 2008; 

Faggiano, et al. 2006; Iung et al. 2003; Mahler, Butcher, Fazal, & Bates, 2011; Sawaya, 

Stewart, Lerakis, & Babaliaros, 2012; Spaccarotella, Mongiardo, Indolfi & 2011; Tseng & 

Grande-Allen, 2010).  Leaflet immobility narrows the valve opening and increases trans-

valvular gradients, obstructing blood outflow and permitting passive blood backflow into the 

left ventricle (Bonow, et al., 2012; Bossé, 2008; Spaccarotella, Mongiardo & Indolfi, 2011; 

Tseng, & Grande-Allen, 2010).  This obstruction limits ejected stroke volumes, increases 

residual ventricular pressures and results in myocardial hypertrophy (Maganti, Rigolin, 

Sarano & Bonow, 2010).  Ventricular muscle mass, wall tension, and intra-ventricular 

pressures continue to increase, further reducing compliance and diastolic filling (Bojar, 2003; 

Braunwald, 1998; Jung et al., 2009; Maganti, Rigolin, Sarano & Bonow, 2010).  This 

hypertrophied muscle has increased oxygen demands, despite an impeded and diminished 
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relative blood flow, exacerbating and furthering myocardial ischemia and dysfunction; often 

without significant obstructive coronary artery disease (Braunwald, 1998; Irwin, & Rippe, 

2012; Yao, Malhotra, & Fontes, 2012).  Left atrial hypertrophy; tricuspid and mitral 

regurgitation; along with atrial or ventricular conduction defects develop as a result of AS 

physiologic changes (Dawkins, et al., 2008, Jahangriri, 2007; Schurr, et al., 2010; Vahanian, 

et al., 2007; van Mieghem, et al., 2012; Varadarajan & Pai, 2012).  Patients with reduced 

ejection fractions have lower AV areas, are more symptomatic and are prone to more co-

morbidity, including obesity, coronary artery disease and pulmonary hypertension, than 

patients with preserved ejection fractions (Goldberg, et al., 2013).   

Aortic valve area reduction rate is consistent at 0.1 cm
2
/ year among non-diabetic 

patients.  However, the valve area is reduced more rapidly among congenital or rheumatic 

disease and diabetes mellitus patients (Bonow, et al., 2008).  In clinical trials, statin therapy 

has had inconsistent results for slowing aortic disease progression and valve dysfunction by 

reducing inflammatory processes as compared to those not receiving statins (Aronow, 2007; 

Bonow, et al., 2008; Hamilton-Craig, Kostner, Colquhoun, & Woodhouse, 2009; Kuhn, et 

al., 2013).   

Aortic stensosis hemodynamic effects have considerable variation, with some patients 

asymptomatic until valve area has been reduced to less than 1 cm
2
, and left ventricular 

outflow obstruction becomes critical (Eveborn, Schirmer, Heggelund, Lunde & Rasmussen, 

2012; Irwin & Rippe, 2012). Once patients develop the symptom triad of shortness of breath, 

syncope and angina, if the valve is not replaced; survival is less than 11 months (Bossé, 

2008; Klingensmith, Chen, Glasgow, Goers & Melby, 2008; Maganti, Rigolin, Sarano, & 
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Bonow, 2010; Spaccarotella, Mongiardo, & Indolfi, 2011).  Corrective surgery is mandatory 

when the valve opening is less than 0.8-0.75 cm
2
/m

2
 (Cohen & Edmunds, 2003).  

Scheduling surgical repair of aortic valve disease has not been standardized and may 

be based on echocardiogram results or clinical symptoms.  Echocardiograms are definitive 

measurements of valve area, but have some subjectivity in interpretation of results (Cohen & 

Edmunds, 2003).  Symptom observation is a highly subjective and imprecise framework for 

surgery and may delay intervention increasing risks for pre, intra and post-operative 

complications (Bossé, 2008; Brown, 2008; Hassan, et al., 2012; Pellikka, et al., 2005).  Early 

surgical intervention minimizes left ventricular dysfunction, reduces post-operative mortality 

and improves post-operative outcomes (Bossé, 2008; Brown, 2008; Di Eusanio, et al., 2012; 

Goldberg, et al., 2013; Pai, Varadarajan, & Razzouk, 2008; Pellikka, et al., 2005; Sawaya, 

Stewart, Lerakis, & Babaliaros, 2012).      

2.3 Risk Assessment  

Among patients with reduced ejection fractions and previous myocardial infarctions 

post-operative mortality and morbidity risks are substantial.   European System for Cardiac 

Operative Risk Evaluation (EuroSCORE) and Society of Thoracic Surgeons-Predicated 

Risks of Mortality (STS-PRoM) are the most frequently used measures to assess post-

operative mortality risks and long-term survival (Dominick & Zacek, 2010; Osnabrugge, et 

al., 2013; Powell, et al., 2000; Wendt, et al., 2010).  Both instruments measure demographics, 

co-morbidities, and procedural details (Dominick & Zacek, 2010; Wendt, et al., 2010).  

EuroSCORE has over-estimated long-term mortality and under-estimated morbidity risks.  

Some authors contend that age is as a sensitive and accurate risk assessment as EuroSCORE 

(Adams, 2011; Wendt et al., 2010).  
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The STS-PRoM model adds clinical status to assess post-operative mortality and 

morbidity risks (Kennedy, et al., 2013).  For advanced age populations, STS-PRoM 

estimated risks more accurately when used in combination with functional capacity scores 

(Bagnall, Faiz, Darzi, & Athanasiou, 2013; Kennedy, et al., 2013).  Neither the EuroSCORE 

nor STS-PRoM estimate risks for prolonged ICU stay.  The Parsonnet score has been used to 

estimate ICU length of stay, and found to be sensitive for prolonged stays, but lacked 

precision for short stays (Doering, et al., 2001).  When post-operative variables (length of 

intubation, arrhythmias, early hemodynamic instability and 12-hour fluid balance) were 

included in the Parsonnet score more variance was estimated for prolonged ICU lengths of 

stay (Doering, et al, 2001).    

2.4 Surgical Techniques  

Aortic valve surgery is done under general anesthesia with both cardio-pulmonary 

bypass and myocardial protective techniques (Cohen, & Edmunds, 2003).  Cardio-pulmonary 

bypass (CPB) diverts blood away from the heart and replaces both cardiac and pulmonary 

functions (Gravlee, Davis, Stammers, & Ungerleider 2008). Blood exposure to the large 

surface area of CPB filters induces a systemic inflammatory response and a resultant 

vasodilatation (Gravlee, Davis, Stammers, & Ungerleider, 2008; Shahul, Dudick, & Lisbon, 

2012).  During CPB, the lungs are deflated to prevent surgical injury and the aorta is cross-

clamped (Shahul, Dudick, & Lisbon, 2012).   

2.5 Localized Tissue Injury and Bradycardia  

Aortic valve surgery places the patient at increased risk for developing conduction 

defects. Cardiac surgery may result in reversible or irreversible injury to the myocardium or 

myocardial conductive tissues (Haddadin & Faraday, 2007).  Reversible injury occurs 
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through electrolyte disturbances, ischemia, hypothermia, or inflammation.  Inhaled 

anesthetics suppress the sinoatrial node; prolong conduction time through the AV node and 

increase refractory periods.  These actions often induce a transient junctional tachycardia or 

bradycardia (Merli, & Weitz, 2008; Yuh, Vricella & Baumgartner, 2007).  The atrio-

ventricular node, bundle of His and left bundle branch are in close proximity to the aortic 

valve and can also be injured by valve excision, aortic annulus debridement, suturing, or 

prosthetic valve impingement (Bojar, 2003; Cohen & Edmunds, 2003; Dawkins, et al., 2008; 

Follath & Ginks, 1972; Jilahawi, et al., 2009; Van Mieghem, et al., 2012).  Injury may be 

temporary from hemorrhagic lesions, and tissue swelling, or permanent necrosis (Follath & 

Ginks, 1972).  A pre-operative incomplete bundle branch block can advance to a complete 

post-operative bundle branch block (Emkanjoo, et al., 2008; Yuh, Vricella & Baumgartner, 

2007).  Pre-operative complete bundle branch blocks can advance to post-operative complete 

heart block after surgery (Emkanjoo, et al., 2008; Yuh, Vricella & Baumgartner, 2007).   

2.6 Mechanisms of Systemic Injury and Hypotension 

Intra and post-operative hypotension occurs through several mechanisms including 

bleeding, fluid volume shifts, disruption of regulatory mechanisms and systemic 

inflammatory response.  Bleeding can be localized or systemic and is managed through 

medications and blood product transfusions.  Autologus donation is salvaged blood primarily 

collected from CPB or surgical fields; however salvaged blood contains preservatives with 

vasodilatory actions (Goodnough, 2004).  Collectively, through STS guidelines, cardiac 

surgery services have adopted blood conservation practices, limiting allergenic transfusion 

rates to reduce infectious exposures, ischemic injuries and post-operative morbidity 

(Goodnough, 2004; Ferraris et al., 2011; Paone, et al., 2013).  Sympathetic, rennin-
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angiotensin and vasopressin systems regulate cardiac and vascular responses; but are 

disrupted during surgery (Shear & Greenberg, 2012).  The sympathetic nervous system is a 

rapid response mechanism, innervating myocardium, lungs and arterial/arteriole vessel walls 

(Hall, 2011).  Rennin-angiotensin and vasopressin regulate blood pressure in a slower 

manner through the renal system (Hall, 2011).  

Surgical trauma and blood transfusions illicit inflammatory responses, moreover 

cardiac surgery patients face additional burdens from hypothermia, cardiopulmonary bypass 

circuit, and ischemic-reperfusion injuries (Gravlee, Davis, Stammers, and Ungerleider 2008).  

Immune responses include release of cytokines, compliment activation, cellular activation, 

and endothelial dysfunction (Sidebotham, McKee, Gillham, & Levy 2007).  Exposure of 

blood to a cardiopulmonary bypass (CPB) filter activates platelets along with coagulation, 

and complement systems (Sidebotham, McKee, Gillham, & Levy 2007).  Moreover, CPB 

therapy reduces metabolism and elimination of anesthetics and in combination with pre-

operative use of ACE-I can result in profound intra and post-operative hypotension (Arora, et 

al., 2008; Merli & Weitz, 2008; Reade, 2008; Morgan, Mikhail, & Murray, 2006).  Injury 

from lung re-expansion also induces a systemic inflammatory response and vasodilatation 

(Cohen, & Edmunds, 2003; Gravlee, Davis, Stammers, & Ungerleider, 2008).    

Systemic blood pressure (BP) is blood flow times resistance; with volume and 

vasomotor tone as critical elements.  Systemic BP is independent of localized blood flow 

(Hall, 2011; Yao, Malhotra, & Fontes, 2012; Shear & Greenberg, 2012). Mean arterial 

pressure (MAP) is time-averaged pressure throughout an entire myocardial contraction cycle 

and represents cellular perfusion.  Normo-tensive adults have a MAP pressure > 70 

millimeters of mercury (mmHg).  Intra- operative hypotension is a common occurrence from 
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the mechanisms previously described.   Initiation of CPB is a vulnerable time with three 

hemodynamic patterns observed: an early, dramatic fall in mean arterial pressure responsive 

to vasoconstrictors; a gradual decline that persists despite pharmacological intervention; and 

an intermediate group with gradual decline responsive to pharmacotherapy.  Vasoplegia is a 

persistent decline in mean arterial pressure of >20% from baseline lasting for more than 2 

min requiring maximal vasopressor support, with a prevalence of  20% within the first 5 min 

of CPB (Carrel, et al., 2000).   

Post-operative hypotension definitions have considerable variability across studies 

from MAP < 60 mmHg to < 70 mmHg among cardiac surgery patients (Albright, et al., 2002; 

Carl, et al., 2010; Higgins, et al., 1997).  However, MAP < 65 mmHg is associated with 

decreased tissue perfusion, oxygen delivery and toxin removal (Albright, et al., 2002; Carl, et 

al., 2010; Higgins, 1997; Irwin & Rippe, 2012; St. Andre & DelRossi, 2005).  

2.7 Myocardial Contractility, Ischemia and Low Cardiac Output 

The myocardial electrical system precedes and initiates mechanical cycle of 

contraction.  AV nodal delay augments atrial emptying into the ventricle increasing intra-

ventricular pressures.  Myocardial contraction is a ‘bottom up’ process projecting forward 

blood flow (Woods, Froelicher, Motzer, & Bridges, 2005).  Cardiac output is quantity of 

flow blood passing a set point during a period of time and typically ranges from 5-6 

liters/minute at rest in a healthy adult (Hall, 2011).  Cardiac output is dependent on electro-

mechanical synchronicity as well as preload, afterload and contractility. Tissues are 

dependent on cardiac output for delivery of oxygen and nutrients (Yao, Malhotra, & Fontes, 

2012).   



19 
 

Aortic stenosis patients have a chronic depressed ejection fraction and inability to 

deliver sufficient blood volume to meet metabolic demands, and a compensatory left 

ventricular hypertrophy.  Opening the pericardial sac, intraventricular wall injury and CPB 

use contribute to post-operative paradoxical septal wall motion, creating mechanical dys-

synchronicity (Reynolds, et al., 2007).  Chronic myocardial dysfunction coupled with acute 

episodes of ischemia reduces preload, increases afterload, and further decreases contractility.  

This produces an acute-on-chronic heart failure and low post-operative cardiac output on a 

continuum from transient myocardial stunning and dysfunction to prolonged cardiogenic 

shock (Ahmed, 2009; Anselmi, et al., 2004; Bojar, 2003; Licker, 2010; Mebazza, et al., 2010; 

Morgan, Mikhail & Murray, 2006; Rudiger, et al., 2009).   

Pre-operative factors associated with low post-operative cardiac output are diabetes, 

chronic kidney disease, pre-operative ejection fraction less than 40%, emergent surgery and 

female gender (Ahmed, 2009; Algarni, 2011; Manganti, et al., 2005; Mebazaa, et al. 2010; 

Yuh, Vricella & Baumgartner, 2007).  Duration of ventricular dysfunction depends on pre-

operative disease, intra-operative injury and physiologic reserve.  Patients with post-

operative left ventricular dysfunction are at higher risks for an irreversible acute kidney 

injury and higher morbidity than patients with preserved left ventricular function (Gravlee, et 

al., 2003).  Low cardiac output is associated with prolonged lengths of stay in intensive care 

unit and hospital (Fabbri, et al., 2006; Rudiger, et al., 2009). Post-operative myocardial 

contractility has three primary patterns: a rapid recovery; a slower more insidious process 

and prolonged dysfunction.   A ‘rebound effect’ with rapid improvement occurs in the initial 

4-6 post-operative hours, followed by a more gradual improvement in contractility and may 

require transient inotropic support (Jung, et al., 2009; Mebazaa, et al. 2010; St. Andre & 
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DelRossi, 2005; Yuh, Vricella & Baumgartner, 2007).  Moderate to severe aortic stenosis 

patients with left ventricular hypertrophy and reduced compliance may not improve 

immediately after valve replacement and require inotropic support.  Prolonged low cardiac 

output occurs among 2-6% of adult cardiac surgery patients with high mortality rates despite 

escalating inotropic and mechanical support (Howell, et al., 2011; Yuh, Vricella & 

Baumgartner, 2007).   

2.8 Post-operative Acute Kidney Injury  

Post-operative acute kidney injury has a complex pathogenesis involving ischemic 

and reperfusion injuries; neurohormonal activation; metabolic and inflammatory mediators as 

well as oxidative stressors and toxin exposures (Bellomo, et al., 2008).  These mechanisms 

may be activated at varying timeframes, and may have synergistic or cumulative effects 

(Bellomo, et al., 2008).  Post-operative acute kidney injury (AKI) can be from primary or 

secondary injury with each injury having a different latency period.  A shorter latency period; 

with an increase in serum creatinine above threshold, at 48-72 post-operative hours is more 

attributable to intra and immediate post-operative risks than an increase in creatinine values 

at 96 or more hours (Lote, Harper & Savage, 1996).  While, longer latency periods of greater 

than 48 hours reflect secondary injury after the surgical intervention-i.e. prolonged 

intubation, sepsis or prolonged hypotension or low cardiac output states.  Cardiac surgery is 

the second most common cause of AKI in critically ill adults, occurs among 10-39% post-

operative patients and 1-6.2% experience acute renal failure requiring dialysis (Aronson, et 

al., 2007; Brown, et al., 2012; Di Eusanio, et al., 2012; Huen & Parikhm 2012; Karkouti, et 

al., 2009; Tolwani, 2012; Uchino, et al., 2005; Vasquez, et al., 2012).  The majority of 

patients requiring dialysis for an acute post-operative renal failure remain dialysis dependent 
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(Copper, 2006; Khwaja, 2012).  AKI induced metabolic alterations contribute to 

cardiovascular, hepatic, central nervous and hematologic failures (Himmelfarb & Ikizler, 

2007).  

2.9 Temporary Epicardial Pacing  

Optimization of cardiac rates and rhythm is a first-line task in stabilizing post-

operative cardiac surgery patients (Carl, et al., 2010).  Currently, aortic valve surgical 

patients without prior permanent endocardial pace makers have temporary epicardial pacing 

wires placed intra-operatively on the right atria (A), or right or left ventricular (V) walls 

(McClurken, 2006).  If a patient’s separation from CPB was difficult, frequently atrial and 

ventricular wires are placed, permitting atrial, atrio-ventricular or ventricular pacing modes 

to be used (Overbay & Criddle, 2004).  Indications for temporary epicardial pacing are 

hypotension, symptomatic bradycardia, AV or tri-fascicular blocks, tachy-arrhythmias, or 

hemodynamic instability and occur among 17 to 43% of AVR patients (AHA, 2008; Bagur, 

et al., 2012; Bethea, et al., 2005; Bojar, 2003; Emery & Srom, 1993; Ferrari, et al., 2011; 

Wang, et al., 2011).  The percent of AVR patients paced for post-operative myocardial 

dysfunction is unclear, as mixed pathologies of arrhythmias and ventricular dysfunction often 

co-occur and it is difficult to establish a definitive diagnosis (Garcia-Bengochea, et al., 

2012).  Post-operative pacing demands decrease as post-operative hours increase and 

arrhythmias resolve; however, patients may need temporary endocardial pacing for a range of 

3-60 post-operative hours (Bagur, et al., 2012; St. Andre & Del Rossi, 2005).    

Different pacing modalities yield variable hemodynamic responses (Ali, Salinger, 

Levisay, & Feldman, 2013; Evonich, et al., 2008; Garcia-Bengochea, et al., 2012).  Post 

procedural pacing at rates greater than 90 beats per minute has been associated with 
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improved hemodynamics among aortic insufficiency patients than those not paced (Ali, 

Salinger, Levisay, & Feldman, 2013).  Right ventricular pacing produces mechanical dys-

synchronicity with the left ventricle and further decreases post-operative myocardial 

functioning.  This form of pacing has also been associated with increased post-operative 

mortality when compared to atrial or biventricular pacing (Evonich, et al., 2008; 

DiFrancesco, 2010; Garcia-Bengochea, et al., 2012).   

Right atrium to right ventricular pacing has resulted in paradoxical septal wall 

motion, reducing mean arterial pressure, stroke volume, and cardiac output as well as 

increased post-operative mortality (Cannesson, Farhat, Scarlata, Cassar, & Lehot, 2009; 

DiFrancesco, 2010; Reynolds, Tunick, Grossi, Dilmanian, Colvin, & Kronzon, 2007).  

However, right atrial pacing with intrinsic right ventricular tracking has improved atrial rates 

and maintained electro-mechanical functioning.  Atrial (AAI) pacing has been associated 

with improved post-operative hemodynamics and tissue perfusion, when compared to other 

pacing modalities (Garcia-Bengochea, et al., 2012; Rubinstein, et al., 2012).          

Biatrial pacing has been associated with prevention of post-operative atrial fibrillation 

among valvular surgeries (Wang, Buehler, Wang, &Yuan, 2013; Debrunner, Naegeli, 

Genoni, Turina, & Bertel, 2004).  However, biatrial pacing wires are difficult to implant and 

maintain among valvular surgeries (Wang, Buehler, Wang, &Yuan, 2013; Debrunner, 

Naegeli, Genoni, Turina, & Bertel, 2004).  Optimal landmarks of left atrial lead wire 

placement have not been established, and consequently loss of left atrial pacing is a common 

occurrence.  This difficulty limits the clinical applicability of biatrial pacing (Wang, Buehler, 

Wang, &Yuan, 2013; Debrunner, Naegeli, Genoni, Turina, & Bertel, 2004).   
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Benefits of biventricular pacing have been found to be limited to the first post-

implantation hour and not hemodynamically superior to atrial only pacing (Garcia-

Bengochea, et al., 2012; Rubinstein, et al., 2012).  Thirty percent of biventricular paced 

patients are non-responders; and do not have hemodynamic improvements in comparison to 

intrinsic sinus rhythm or AAI pacing (Evonich, et al., 2008; Garcia-Bengochea, et al., 2012; 

Rubinstein, et al., 2012).    

Extent of troubleshooting required for post-operative temporary pacing is unknown 

and varies according to pacing wires and pulse generator settings (Reade, 2004).  Complex 

intra-operative lead placement and generator settings increase post-operative risks for 

complications and errors.  For example, resynchronization biventricular therapy may not be 

clinically effective if a minimal of 90% R-Rs are not synchronized (Bonow, et al., 2012).  

Timing of left and right ventricle pacing is also difficult to manage.  

In summary, temporary epicardial pacing is a frequent occurrence in the immediate 

post-operative period among aortic valve patients.  The majority of studies have focused on 

coronary artery bypass (CABG) samples.  The preferred ventricular wire placement and 

pacing mode, providing the most hemodynamic support, remains controversial and unclear.  

However, right atrial only pacing has consistently improved post-operative hemodynamics.   

2.10 CSICU Length of Stay    

Improved surgical techniques and post-operative care have increased survival, 

morbidity, and length of ICU stays (Gaudino, et al., 2007).  Patients are admitted directly 

from the OR to the ICU and are intubated, hypothermic, and hypotensive (Currey & Botti, 

2005; Carl et al., 2010).  All patients receive continuous cardio-circulatory monitoring 

(cardiac, central venous and inter-arterial pressures, pulse oximetry); fluid balance 
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management; and ventilator support.  Cardiovascular interventions including epicardial 

pacing, intravenous fluid resuscitation and hemodynamic support are given as warranted by 

critical care teams (Bojar, 2003; Carl et al., 2010).   Additional monitoring (pulmonary 

arterial catheters or echocardiography) and cardiac support (intra-aortic balloon pump, extra-

corporal membrane oxygenation or ventricular assist devices) are provided as needed (Cohn, 

& Edmunds, 2003).   

Patients transfer to a telemetry unit after both hemodynamic stabilization and 

extubation are achieved, (Bojar, 2003; Yuh, Vricella & Baumgartner, 2007).  CSICU length 

of stay is typically 25-34% of total hospitalization and varies by age category (Dasta, et al., 

2008).  AVR patients < 79 years have a mean length of CSICU stay of 1 + 1.7 days and 2.5 + 

0.6 for those > 80 years (Bojar, 2003, Litmathe, et al., 2011; Yuh, Vricella & Baumgartner, 

2007).  CSICU stay of more than 2 days is associated with a prolonged CSICU confinement, 

increased post-operative complications, morbidity, mortality and costs, as well as a reduced 

quality of life than those with a CSICU stay < 2 days (Bardell, Buth, Hirsh & Ali, 2003; 

Gaudino, et al., 2007; Nilsson, Algotsson, Hoglund, Luhrs & Brandt, 2004; Xu, 2009).  

Patients who stay in intensive care units longer than 10 days are more likely to be dependent 

on external support, unable to return to their pre-operative lifestyle and have reduced quality 

of life than those with a CSICU stay < 10 days (Doering, Esmailian, Imperial-Perez, & 

Monsein, S., 2001; Gaudino, et. al., 2007).   

2.11 Hospital Length of Stay 

The average hospital length of stay among AVR patients < 79 years is 14.0 (SD=8.5 

days) and 15.2 (SD=2.7) for those > 80 years (Di Eusanio, et al., 2012; Litmathe, et al., 

2011).  Octogenarians with post-operative complication(s) are frequently discharged to an 



25 
 

intermediate facility, rather than home (Henry, et al., 2012; Gaudino, et. al., 2007).  

Furthermore, octogenarians discharged to home or rehabilitation facilities had the better 1 

and 2-year post-operative survival rates than those discharged to a nursing facility (Henry, et 

al., 2012).   

2.12 Hemodynamic Support  

Hemodynamic support includes intravenous fluid resuscitation, vasopressor and 

inotropic supports.  Current fluid volume replacement recommendations are for crystalloids 

rather than colloids.  Colloids have been associated with an increase in mortality, morbidity 

and hyper-oncotic acute kidney injury (Brochard, et al., 2010; Perel, Roberts, & Ker, 2013; 

Reinhart, et al., 2012).  This review focuses on vasopressor and inotropic supports.  

Prolonged cardiovascular support and clinical decision making are briefly discussed.    

2.13 Vasopressor Support 

Vasopressor use is controversial as blood flow is shunted from local periphery to 

central vascular compartments and can reduce local capillary perfusion, oxygen delivery and 

removal of waste products at the cellular level.  This blood flow diversion increases risks for 

localized tissue ischemia and injury, and is counterproductive post CPB (Carl, et al., 2010).  

Post-operative micro vascular flow should be enhanced to reduce anaerobic respiration, lactic 

acidosis and myocardial dysfunction (Bojar, 2003; St. Andre & DelRossi, 2005).  Hypoxia 

and serum acidosis can negate the efficiency and effects of vasopressors and inotropes 

(Overgaard & Dzavik, 2008; Shear & Greenberg, 2012).  However, central tissue perfusion 

must be maintained for patient survival (Bellomo, Wan & May, 2008; Fumagalli & Ristagno, 

2011; St. Andre & Del Rossi, 2005).  The most common agents used for post-operative 

cardiac surgery hypotension are norepinephrine, phenylephrine and vasopressin.  Few studies 
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have examined associations between post-operative hemodynamic stability, vasopressor 

support and post-operative outcomes (Aronson, et al., 2011; Brochard, et al., 2010).   

2.14 Inotropic Support  

Low cardiac output interventions optimize preload, minimize afterload and increase 

contractility (Carl, et al., 2010; Yuh, Vricella & Baumgartner, 2007).  Preload is normalized 

by the judicious use of intravenous fluid resuscitation to euvolemia.  Inotrope support is 

started among 40-52% of aortic valve replacement patients at separation from 

cardiopulmonary bypass (Ahmed, House & Nelson, 2009; Carl, et al., 2010; Licker, et al., 

2010; Nielsen, et al., 2011).  Dobutamine and Milrinone have vasodilatory and myocardial 

contractility enhancing properties, while epinephrine has positive inotropic and 

vasoconstrictive properties (St. Andre & DelRossi, 2005).  Increasing myocardial 

contractility subsequently increases myocardial oxygen consumption, a particularly adverse 

event after CPB.  Post CPB myocardial ischemia has been associated with post-operative 

morbidity, arrhythmias, and systemic hypo-perfusion  (Carl, et al., 2010; Fellahi, 2008; 

Fleming, 2008, Gillies, et al., 2005; Irwin & Rippe, 2012; Mebazaa, et al. 2010; Nguyen, et 

al., 2012; Overgaard & Dzavik, 2008; Shahin, et al., 2011).   

2.15 Prolonged Cardiovascular Support  

Cardiovascular support stabilizes cardiac and circulatory functions, including 

epicardial pacing and hemodynamic support (Carl, et al., 2010).  Individually, these items 

have been examined, but collectively as therapy have not (Bossone, et al, 2007; Carl, et al., 

2010; Mebazaa, et al., 2010; Nielsen, et al., 2011; Parissis, Leotsinidis, Akbar, Apostolakis, 

& Dougenis, 2010).  Prolonged epicardial pacing has been described as a prerequisite of 

permanent epicardial pacing at > 5 days with the previous described complications (Dawkins 
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et al., 2008; Huynh, et al., 2009).  Multiple prolonged vasopressor support therapies have 

been associated with high mortality rates among sepsis patients (Prys-Picard, Shash, 

Williams, Cardenas, & Sharma, 2012).  However, among cardiac surgery vasopressor and 

inotrope use has been primarily explored during CPB and little is known of prolonged ICU 

support (Ahmed, House, & Nelson, 2009; Maas, et al, 2013; Papadopoulos, et al., 2010).   

2.16 Management of Support Therapy  

Considerable variability exists among post-operative cardiac surgery patient 

management (Carl, et al., 2010).  Two therapeutic approaches have been discussed including 

protocol based fast-tracking and goal directed therapy (GDT) (Carl, et al., 2010; Zhu, Lee, & 

Chee, 2012).   Interestingly, one approach is focused on the pulmonary system and the other 

on the cardiac system and hemodynamic functioning.   Fast-tracking is protocol based care 

aimed at early post-operative extubation to decrease complications and length of stay (Zhu, 

Lee, & Chee, 2012).   

Hemodynamic therapy of euvolemic fluid resuscitation, vasopressors and inotropic 

supports are used to optimize preload, afterload and cardiac contractility to balance oxygen 

delivery demands and meet metabolic needs (Rivers, et al., 2001; Miller, Roche & Gan, 

2011).  Hemodynamic optimization of cardiac parameters reduces mortality and morbidity 

(Carl, et al., 2010; Giglio, et al., 2012; Goepfert, et al., 2013; Miller, Roche & Gan, 2011; 

Rivers, et al., 2001).  Goal directed therapy is using evidence based literature for the clinical 

application of hemodynamic optimization to normalize oxidative metabolism (Carl, et al., 

2010; Goepfert, et al., 2013; Miller, Roche & Gan, 2011; Rivers, et al., 2001).  In the U.S., 

GDT has been readily adopted for early sepsis treatment in the emergency room and ICU, 

cautiously integrated into intra-operative management of cardiac surgery patients and seldom 
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used for post-operative cardiac surgery ICU patients (Goepfert, et al., 2013; Rivers, et al., 

2001).  The Society of Thoracic Surgeons has established peri-operative hemodynamic 

support guidelines specifically to prevent acute kidney insufficiency (Brochard, et al., 2010).  

The German Society for Thoracic and Cardiovascular Surgery (GSTCS) has taken a broader 

more inclusive approach and developed consensus-based treatment guidelines for post-

operative care.  The German Society advocates for management goals of: heart rate > 60, 

MAP > 65 mmHg, and cardiac index > 2.0 liters/minute/ meters
2
 (Carl, et al., 2010).  Some 

authors believe that these parameters may not be sufficient for specific patient populations 

including hypertensive patients with altered autoregulatory capacity.  Instead these authors 

suggest a MAP >70 mmHg goal (Arnonson, et al., 2011).   

Many practitioners still rely on prior teachings and experiences for clinical decision-

making (Cannesson, Pestel, Ricks, Hoeft & Perel, 2011; Holm, Hakanson, Vanky & 

Svedjeholm, 2011; Kastrup et al., 2006).  As a result, there is considerable hemodynamic 

resuscitation variability among surgeons, critical care physicians and intensive care units.  

Further clinical guidance is needed.   

2.17 Post-operative Hospital Course Associations 

A review was conducted to examine postoperative outcomes of AVR patients. The 

review found 38 articles (18 medical chart reviews, 10 secondary data, 6 prospective cohort 

studies, and 4 Meta analyses) after searches in Pub Med.  Key words used for these searches 

were ‘aortic valve surgical replacement, hemodynamics, acute kidney injury, intensive care 

and hospital length of stay’.  Risk factors search included ‘cardiopulmonary bypass, 

vasopressor, inotropic support, and epicardial pacing’.  Appendix C provides a summary of 

research designs and sample characteristics of studies included in this literature review.  The 
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article number found in this table is the citation link to the articles providing evidence for 

tables 2.2-2.10.   

The majority of studies (n=19) included valvular cases with sample sizes ranging 

from 57-4,831 cardiac surgery patients.  Nine studies included isolated aortic valve surgical 

cases, three studies were valve only cases and four studies did not identify surgical 

subsamples.  Two studies provided the limited information available on intensive care length 

of stay and readmission rates were from CABG only samples.  Many of these studies came 

from a single center (n=26) and most were from sites outside of the US (n=21).  Most of the 

studies examined pre-operative risk factors; some included intra-operative factors.  However, 

few studies explored post-operative risk factors.  The largest majority of articles located were 

for associations between pre-operative characteristics and hospital length of stay (n=10).  

     2.17.1     Bradycardia  
 

Pre-operative factors associated with post-operative bradycardia are age, beta 

blockers, digoxin and amiodarone medication use (Emery & Arom, 1993; Emkanjoo, et al., 

2008; Ferrari, et al., 2011; Reade, 2008; Yuh, Vricella & Baumgartner, 2007).  Intra-

operative factors associated with transient post-operative bradycardia are inhaled anesthetics, 

cardioplegia, myocardial edema, ischemia, surgical trauma or hypothermia (Bojar, 2003; 

Ferrari, et al., 2011; Follath & Ginks, 1972; Merli, & Weitz, 2008; Yuh, Vricella & 

Baumgartner, 2007).  Prolonged post-operative bradycardia is associated with permanent 

endocardial pacemaker insertion and a prolonged hospital stay (Dawkins et al., 2008; 

Koplan, et al., 2003). 

     2.17.2     Hypotension  
 

Pre-operative factors associated with post-operative hypotension are left ventricular 

function, beta-blocker and ACE-I use, and low levels of intrinsic vasopressin (Carrel, et al., 
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2000; Levin, 2009; Papadopoulos, et al., 2010).   Intra-operative factors related to post-

operative hypotension are surgical complexity, reoperation, CPB time, hypothermia, and 

cardioplegia (Papadopoulos, et al., 2010).  Lung re-expansion and removal of the aortic 

cross-clamp releases a surge of anaerobic vasodilatory acid metabolites at completion of CPB 

therapy (Gravlee, Davis, Stammers, & Underleider, 2008; Morgan, Mikhail, & Murray, 

2006).  Rewarming procedures, hypovolemia, and anemia potentiate vasodilatory effects of 

the bradykinin system (Hamilton, et al., 2005; Merli & Weitz, 2008; Morgan, Mikhail, & 

Murray, 2006; Reade, 2008).  Associations between post-operative hemodynamics, 

cardiovascular interventions and morbidity have not been addressed in the current literature. 

     2.17.3     Acute Kidney Injury and Pre-operative Associations  
 

Pre-operative factors associated with AKI have been studied among cardiac surgery 

samples primarily using registry data (Table 2.1).   

Table 2.1 Select Pre-operative Characteristics and Acute Kidney Injury (AKI)  

 

 

 

 

 

 

 

 

 

 

Pre-operative Acute Kidney Injury  

Characteristics Statistically Associated (p<.05) No statistical association 

Demographics Increasing age 
5, 16,24 29, 21

  

Gender differences 
1,
 
5, 17, 16, 21

 Increased 

BMI
2, 17, 20, 24 

Race
 
other than white 

20, 21,24 

Age 
1, 2

  

Gender 
2, 24

  

 

Ethnicity 
24

 

Pre-operative 

Diagnosis  

Pre-existing renal disease 
1,4,5,7,16, 19, 20,    21, 

24,29
 

Diabetes
2, 5, 16,18, 20, 21, 24 

Ejection Fraction <35% 
16 

Heart failure 
5, 7, 16, 17, 20, 21,24

  

HTN 
5,
 
17, 20, 21, 

 
24

 

Vascular diesease
5, 17, 21 

Prior cardiac surgery
 21 

Cardiovascular disease with/ without 

stroke 
7, 21, 24 

Chronic pulmonary disease
21,29 

Cardiac Instability
21 

IABP or Inotrope
 21,24 

Active endocarditis diagnosis 
24 

  

Pre-operative serum 

creatinine
2 

 

Ejection Fraction
2,16, 19, 24 

 

 

 

Prior Stroke
 18 

 

Pulmonary disease 
18, 24 

  

Medication Use  

ACE/ARB
16 

Statins 
2, 17, 18

  

ACE/ARB 
2
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Factors associated with AKI include: demographics (age, gender, BMI and race) and pre-

operative history (diabetes, renal dysfunction hypertension, cardiovascular diseases and low 

ejection fraction) (Table 2.1).  ACE-I/ARB and statins medications have had mixed 

associations with AKI.   

     2.17.4     Acute Kidney Injury and Intra-operative Associations 
 

Intra-operative characteristics associated with AKI are surgical procedure (urgency, 

procedure, aortic cross clamp time); cardiopulmonary bypass (use and time); hemodynamic 

support (vasoconstrictor and inotrope use, and intravascular fluid resuscitation) and 

biomarkers (urinary output volume) (Table 2.2).   

Table 2.2 Select Intra-operative Characteristics and Acute Kidney Injury among cardiac 

                surgery patients  

Intra-operative Acute Kidney Injury 

Characteristics Statistically Associated  (p<.05) No statistical association 

Surgical Procedure  Surgical urgency
 17, 20, 21, 24

  

Procedure -CABG + Valve 
2,16,21

  

Cold cardioplegia
5 

Aortic Cross Clamp time and type 
29  

 

 

 

Aortic Cross Clamp time
2
 

Cardiopulmonary 

Bypass 

(CPB)  

Lower CPB flow rate
2 

Prolonged
 17, 19, 20, 21 

Longer CPB time >120 mins.
5,7

 

Return to CPB
5 

On-pump 
 5,16 

 

Hemodynamics Mean arterial pressure 
2,

 
7, 16

  Mean arterial pressure 

time 
2
 

Hemodynamic 

Support  

Vasoconstrictor use
20 

 

Inotropic use
7,19, 29, 21 

Intra-aortic balloon pump
7, 19, 21 

Packed red blood cell infusion 
20, 29 

 

Intravenous Fluid Volume
5
 

 

 

 

 

Intravenous Fluid 

Volume
16

 

Biomarkers Hematocrit
 5  

Urinary output volume
20, 5, 29

  

 

 

Complex surgical procedures require longer length of time on CPB; have more risk of 

myocardial tissue injury and an increased risk of AKI.  Differences between pre and intra- 
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operative mean arterial pressures have been associated with AKI, while duration of MAP was 

not.  This is a perplexing perfusion paradigm, as the time of hypo-perfusion should also 

contribute to organ injury.  

     2.17.5      Acute Kidney Injury and Post-operative Associations 
 

Current cardiac research surgery has focused on pre-operative risk assessment, 

registry data and surgical techniques rather than on post-operative care.  Less is known of 

post-operative factors associated with AKI than pre-operative factors (Table 2.3).   

Table 2.3 Select Post-operative Characteristics and Acute Kidney Injury among cardiac 

                surgery patients  

Post-operative Acute Kidney Injury 

Characteristics Statistically associated ( p<.05) No statistical association 

Arrhythmias  Atrial fibrillation 
34

 

Hemodynamics  Elevated central venous pressure
1 

Cardiac Output at six hours
19, 21 

Hypotension
1
 

Norepinephrine for 

MAP>70
1
 

Hemodynamic 

Support  

Vasopressor use
 29

  

Inotropic Use 
5,

 
29  

Packed Red Blood Cell Transfusion
5 

 

Norepinephrine
1
 

Other  Return to operating room
 19, 24

  

 

Post-operative factors identified with AKI are hemodynamics (low cardiac output); inotrope 

use and post-operative complications (return to OR).  However, information available on 

inotropic support is from >48 hours post-operative, suggesting a secondary rather than 

primary AKI.  Of note, neither hypotension nor vasopressor uses were associated with AKI 

(Table 2.3).  Association with inotropic use and lack of significance with vasopressor use 

suggests decreased cardiac output is the pathology rather than hypotensive events for renal 

injury.  
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In summary, pre and intra-operative associated factors with AKI are better understood 

than post-operative factors.  A recent meta-analysis of AKI risk models concluded renal 

injury requiring dialysis models are the most robust; however, predictive models for mild and 

moderate AKI are needed and warranted (Huen & Parikh, 2012).  Literature on post-

operative hemodynamics and hemodynamic support are sparse.    

2.18 Post-operative Intensive Care Unit Length of Stay: Associated Factors  

     2.18.1     Prolonged ICU Length of Stay and Pre-operative Associations   
 

Pre-operative factors associated with a prolonged ICU length of stay are 

demographics (age, gender, and weight/BMI); co-morbidities (cardiovascular and pulmonary 

diseases) and medication use (Table 2.4).   

Table 2.4 Select Pre-operative characteristics and prolonged intensive care length of stay 

                associations among cardiac surgery patients 

Pre-operative Prolonged ICU Length of Stay 

Characteristics Statistically associated (p<.05) No statistical association 

Demographics Age >70 years 
4, 6, 8,9, 11, 29,9

  

Age >65 years
13, 14 

 

Gender differences 
6, 8, 9 

Weight
9, 11

 
 

BMI>30
 11 

 

 

 

Gender differences 
11, 13, 28 

Normal/overweight
13,28

 

Co-morbidities Prior cardiac surgery 
6, 8, 13 

Vascular disease
11

  

Myocardial infarction 
8, 11, 31 

Neurological dysfunction
 6 

Atrial Fibrillation history 
28

  

Chronic Pulmonary disease
 6, 14 

Pulmonary Hypertension
 6

 

Critical pre-operative status 
6,14 

Active endocarditis
 6
 

Diabetes History
13,  28 

Ejection fraction <40%
8 

or
 
< 55%

 

28
 

Medications  ACE-I/ARB 
15

 
 

 

QRS duration Current Atrial Fibrillation 
14 

Left Bundle Branch Block 
14

 

Atrial Fibrillation 
25 
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Gender had mixed associations with intensive care length of stay (Table 2.4).  ACE-I/ARB 

association to prolonged intensive care stay was from post-operative vasoplegia 

complications.    

     2.18.2     Prolonged ICU Length of Stay and Intra-operative Associations 
 

Intra-operative factors associated with prolonged ICU stays are: surgical procedure 

(duration and complexity); cardiopulmonary bypass (length of therapy time, and aortic cross 

clamp time); hemodynamics (hypothermia) and hemodynamic support (packed red blood cell 

transfusions).  Complex and prolonged procedures, such as multi-valvular or redo-

sternotomies increases risk for a prolonged ICU stay (Table 2.5).   

Table 2.5 Select Intra-operative characteristics and prolonged ICU Length of Stay 

                associations among cardiac surgery patients  

Intra-operative Prolonged ICU length of stay 

Characteristics Statistically Associated (p<.05) No statistical 

association 

Surgical Procedure Surgical urgency 
4, 8, 11, 28 

Procedure duration
28

  

Concurrent cardiac procedures 
14, 22,23, 36 

 

Surgical urgency 
28

  

Mini-Sternotomy 
26

 

Cardiopulmonary 

Bypass 

(CPB)  

Cardioplegia volume
15 

CBP use
 11 

CPB time: 
4, 8, 28  

Return to CPB
 13 

 

CPB time
33

  

 

Aortic Cross Clamp  Prolonged Aortic cross clamp time
 8, 36 

 

Hemodynamics Temperature 
15

  

Peri-valvular leakage 
14

 

 

Hemodynamic 

Support  

Packed Red Blood Cells 
28, 29

 

 

Vasopressin use 
27, 28

  

Biomarkers Mean serum glucose > 130
 28 

 

 

 

Mini-sternotomy surgical approaches were introduced to reduce lengths of stay, however, 

this has not been realized (Khoshbin, 2012).  Vasopressin use was not associated with a 

prolonged length of stay; however literature on other post-operative hemodynamic support 

agents is lacking (Table 2.5).  
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     2.18.3     Prolonged ICU Length of Stay and Post-operative Associations 
 

Post-operative factors associated with a prolonged ICU length of stay are: critical 

events (atrial fibrillation, hemodynamic instability and AKI); hemodynamic support 

(vasopressor and inotrope use); and other post-operative occurrences (prolonged ventilator 

support, and infections) (Table 2.6).   

Table 2.6 Select Post-operative characteristics and prolonged ICU length of stay among  

               cardiac surgery patients  

Post-operative Prolonged ICU Length of Stay 

Characteristics Statistically Associated (p<.05) No statistical 

association 

Critical Events  Atrial Fibrillation
10,12

  

Early hemodynamic instability
12

 

Hypotension /vasoplegia
14 

Atrial Fibrillation
 34

 

Vasoconstrictor Use Treatment 
15, 29 

Prophylactic use
27 

 

Inotropes  Use
19, 29  

 

Acute Kidney Injury Mild injury
3, 8, 11, 31

 
2
 

Other post-operative 

occurrences 

Sternal wound infections
8
 

Reoperation for bleeding
8, 9, 10, 31

 

Prolonged intubation
8, 12, 33

 

Readmission to intensive care
8,10

 

Transfusion of blood products
8, 29

  

Intra-aortic balloon pump
4
 

 

 

Prolonged temporary epicardial pacing for high-grade AV nodal block was noted to increase 

the ICU stay (Ferrari, 2011). ICU readmissions are an infrequent occurrence, however, for 

those readmitted there are deleterious consequences including higher in-hospital mortality, 

prolonged hospital stay and a reduced quality of life (Gaudino, et al., 2007; Kogan, et al., 

2012; Vohra, et al., 2004).  Patients more likely to be readmitted to ICU, were female, had a 

pre-operative intra-aortic balloon pump, history of chronic pulmonary disease and an ejection 

fraction less than 40%  (Gaudino, et al., 2007; Kogan, et al., 2012; Vohra, et al., 2004).    

Post-operative complications (respiratory insufficiency, low cardiac output, and return to the 
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OR) are associated with intensive care readmission.  Time to ICU readmission varies from 

hours to days, suggesting different pathologies for return including respiratory insufficiency, 

low cardiac output, renal insufficiency, surgical re-exploration and sepsis (Bardell, et al., 

2003; Vohra, et al., 2004).  ICU recidivism rates have not decreased from 1996 to 2003, 

despite improvements in surgical techniques, intra and post-operative care, suggesting a more 

complex and vulnerable surgical population (Vohra, et al., 2004).   

2.19 Post-operative Hospital Length of Stay: Associated Risks Factors  

     2.19.1     Prolonged Hospital Length of Stay and Pre-operative Associations  
 

Pre-operative factors associated with a prolonged length of hospital stay among 

cardiac surgery patients are: demographics (advanced age, weight and race), and co-

morbidities (chronic kidney disease, cardiovascular diseases) (Table 2.7).   

Table 2.7 Pre-operative characteristics and prolonged Hospital length of stay  

               associations among cardiac surgery patients 

Pre-operative Prolonged Hospital length of stay 

Characteristics Statistically Associated (p<.05) No statistical association 

Demographics Age 
24, 32

 
 

BMI 
32 

Gender specific body surface area 
24

 

Race
24

 

Gender 
32 

 

Co-morbidities Chronic Kidney Disease 
24, 32 

Diabetes
 24

  

Cardiovascular disease 
24, 32

 

COPD
32

 

 Hemodynamic 

Support  

IABP or Inotropic use
 24

   

 

Gender was a predictor of prolonged stay only as an interaction effect with body surface area 

(O’Brien, et al., 2009).    
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     2.19.2     Prolonged Hospital Length of Stay and Intra-operative Associations  
 

Few studies have examined individual intra-operative characteristics and prolonged 

hospital stays.  Surgical complexity and redo surgeries have been associated with prolonged 

hospital stays (Table 2.8).   

Table 2.8 Intra-operative Characteristics and Prolonged Hospital Length of Stay 

               associations among cardiac surgery patients 

Intra-operative Prolonged Hospital Length of Stay  

Characteristics Statistically Associated ( p<.05) No statistically 

significant 

association 

Surgical Urgency  Emergent no resuscitation needed 
24

  

Surgical Procedure  Concurrent other cardiac surgery with 

valve
 
replacement 

22,23,24 

Redo surgery 
32 

Mini-Sternotomy 

approach 
26

 

 

Cold cardioplegia was associated with a shorter length of stay when compared to iced 

cardioplegia (Newland, Tully, & Baker, 2013).  Warm cardioplegia has been associated with 

intraventricular conduction defects (Follath, & Ginks, 1972). Intra-operative full verse 

minimal extracorporeal circulation therapy was not associated with a prolonged hospital 

length of stay (Coli, et al., 2009).  Mean arterial pressure during CPB time, has had mixed 

associations with prolonged hospital length of stay (Levin et al., 2009; Sirvanskas, Benetis, 

Raliene, & Andrejaitiene, 2012).  However, vasoplegia after starting CPB was found to be a 

strong, independent predictor of prolonged hospital stay (Levin, 2009).  EuroScore a 

summated value of 17 items including demographics, co-morbidities, and procedural details 

characteristics, has had inconsistent associations with prolonged hospital lengths of stay 

(Adams, 2011; Wendt et al., 2010).       

     2.19.3     Prolonged Hospital Length of Stay and Post-operative Associations  
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Post-operative complications including: re-operation; AKI; stroke and ICU 

readmission; occur among 4-60% of patients and are associated with prolonged hospital stays 

(Table 2.9).   

Table 2.9 Post-operative Characteristics and Prolonged Hospital Length of Stay  

               associations among cardiac surgery patients 

Post-operative Prolonged hospital length of stay  

Characteristics Statistically Associated (p<.05) No statistically 

significant association 

Arrhythmias Complete atrio-ventricular heart 

block
38

 

Atrial Fibrillation 
34, 38

 

 

Other post-operative 

occurrences 

Reoperation 
24 

Stroke 
38

, Acute
 
Kidney Injury 

38
  

Readmission to ICU 
31, 33

 

 

 

Post-operative bradycardia and permanent endocardial pacemaker insertion are associated 

with prolonged hospital stays (Dawkins, et al., 2008; Gaudino, et al., 2007; Huynh, et al., 

2010; Kogan, et al., 2012; O’Brien, et al., 2009).  Atrial pacing and early extubation 

interventions have been associated with shortened hospital stays (Greenberg, Katz, Iuliano, 

Tempesta, & Soloman, 2000; Zhu, et al., 2012).   High surgical volume has also been 

associated with improved outcomes; and shorter hospital stays (Birkmeyer, Finlayson & 

Birkmeyer, 2001; Vohra, et al., 2004).  Higher STS-PRoM scores, encompassing pre, intra 

and post-operative characteristics are associated with longer lengths of hospital stay than 

lower scores (Kennedy, et al., 2013; Thourani, et al., 2013). 

2.20 Cardiovascular Support and Associated Factors  

Pre-operative factors associated with post-operative pacing are age, diabetes mellitus, 

chronic kidney disease, arrhythmias, antiarrhythmic medications, cardiomegaly and 

decreased ejection fraction (Bethea, et al., 2005; Evonich, et al., 2008).  Intra-operative 

pacing is a conduit for post-operative pacing (Bethea, et al., 2005).  Factors associated with 
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inotropic support use have been explored more than vasopressor use and include increased 

age; female gender; pulmonary hypertension; left ventricular dysfunction/cardiac output less 

than 2.5 liters/minute/meters
2
; left ventricular end diastolic pressure > 20 mmHg; prior 

cardiac surgery and chronic kidney disease (Ahmed, House & Nelson, 2009; Bossone, et al, 

2007; Butterworth, Legault, Royster, & Hammon, 1998; Nielsen, et al., 2011; Shahin, et al., 

2011).  Aortic stenosis patients with high afterload pressures are more likely to require 

inotropic support post CPB than those with normal or low arterial pressures (Ahmed, House 

& Nelson, 2009).  Cardiopulmonary bypass time and complexity of surgical procedures has 

mixed associations and inconclusive results with inotropic use (Butterworth, Legault, Royster 

& Hammon, 1998; Nielsen, et al., 2011; Shahin, et al., 2011).  Intra-operative inotrope use is 

a conduit for post-operative inotrope use.  Intra-operative inotrope use has also been 

associated with post-operative atrial fibrillation (Ahmed, House & Nelson, 2009; Nielsen, et 

al., 2011).  Optimal post-operative uses of inotropes or vasopressors are surgeon dependent 

and an evidence-based approach has not been substantiated in the literature (Mebazaa, et al., 

2010; Nielsen, et al., 2011).  Associations of prolonged epicardial pacing, vasopressor and 

inotropic supports have not been explored among post-operative AVR patients.   

2.21 Demographic and clinical characteristics associated with poor outcomes 

     2.21.1     Advanced Age 
 

Aortic valve stenosis is the most frequent valve disease process requiring surgical 

intervention among advanced age patients (Vasques, et al., 2012).  Age is associated with 

AKI, prolonged length of stays in both ICU and hospital (Gaudino, et al., 2007; Lawrence e 

al., 2000; O’Brien, et al., 2009; Rescigno, et al., 2012; Vasquez, et al., 2012).  Age 

definitions of age < 70 years and > 80 among AVR patients have been examined (Rao, et al, 
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1996; Vasquez, et al., 2012).  But, age grouping of > 75 years or the young-old as compared 

to the old-old < 75 years and post-operative hospital course has not been explored among 

AVR patients (Sakurai, et al., 2013).   

     2.21.2     CPB Cardiovascular Support  
 

A patient’s physiologic response to surgical interventions and anesthesia cannot be 

predicted from just pre-operative co-morbidities.  Intra and post-operative factors must be 

considered (Higgins, 1997).  CPB exposure can result in inflammatory responses with 

persistent hypotension or cardiac mechanical dys-synchrony from localized myocardial 

edema (Carrel, et al., 2009; Eberhardt, et al., 2009; Garcia-Bengochea, et al., 2012).  Patients 

with moderate to severe aortic stenosis, left ventricular hypertrophy and reduced compliance, 

may not improve immediately after valve replacement and have a persistent low cardiac 

output (Garcia-Bengochea, et al., 2012; Howell, et al., 2011).  Support requirements at CPB 

separation is a proxy for hemodynamic instability among an integrated sample of cardiac 

surgery patients (Garcia-Bengochea, et al., 2012).  Individually, dobutamine and epicardial 

pacing use at CPB separation have been examined; however, collective CPB cardiovascular 

support and post-operative associations have not been explored.     

2.22 Summary  

Much of cardiac surgery literature has focused on CABG patients; yet as the 

prevalence of AVR cases increases, evidence based clinical guidance must be available.  The 

current patient population seeking AVR surgeries are older and have multiple co-morbidities, 

along with medical and physical frailty.  Pre-operative primary care treatment regimens have 

changed as patients are more likely to be taking long-acting anti-hypertensive agents, further 

increasing post-operative risks (Arora, 2008; St. Andre, & DelRossi, 2005).     
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Pre-operative risk factors are better understood than intra or post-operative factors.  

Intra-operative care is better described and understood than post-operative care among 

cardiac surgery patients.  Post-operative care is a dynamic process and cardiac surgery 

subgroups, such as AVR, are not equal.  As a vulnerable population, AVR patients require 

state of the science intra and post-operative care to optimize outcomes and limit 

complications, including in-hospital and late mortality, prolonged ICU and hospital lengths 

of stay (Birkmeyer, 2010; Brown et al. 2009; Cannesson, 2011; Cohen & Edmunds, 2003; 

GeiBler, et al., 2009; Hassan, et al., 2012; Huen & Parikh, 2012; Litmathe, 2011; Nowicki, et 

al 2004; O’Brien, et al 2009; Pai, Varadarajan, Razzouk, 2008; Rosamond, 2007; Sajja, 2001, 

Waterworth, et al., 2008; Wendt, et al., 2010).  Medical chart reviews have been successfully 

used to assess associations of select pre, intra and post-operative characteristics among 

cardiac surgery and AVR populations.  This format is also an acceptable methodology to 

describe post-operative hemodynamics and supportive therapy.  

In conclusion, this chapter provided a summary of the pertinent literature on 

cardiovascular interventions, post-operative morbidity and resource utilization among cardiac 

surgery patients. The next chapter describes this study’s methodology to explore associations 

among post-operative cardiovascular interventions and hospital course.   
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CHAPTER 3:   

RESEARCH DESIGN AND METHODS 
 

This chapter summarizes study methodology including research design; human 

protection, setting, and sampling plan as well as construct measurement.  Then, procedures 

for data collection processes are outlined.  Finally, aim specific analytical plans are depicted. 

3.1 Research Design 

The majority of cardiac surgery outcome studies have an observational design 

(Antunes, de Oliveira, & Antunes, 2009).  This retrospective descriptive study used data 

abstracted from medical charts of patients undergoing an isolated (i.e., excluding those who 

had other procedures during the hospitalization) aortic valve replacement at a single urban 

medical center from 11/2007 to 10/24/2011.   

3.2 Human Rights Protection and IRB Review Process 

Patients were not contacted at any time during this study.  There were no direct 

benefits for subjects participating in this study.  An indirect benefit was a potential to learn 

new information enhancing future post-operative care.  The greatest risk of this study was 

loss of confidentiality.  Pseudo case numbers were assigned and used on eligibility screening 

and data collection forms to reduce risks.    

This study’s protocol was initially evaluated by the University of Maryland 

Baltimore, School of Nursing (SON) Office of Research. After SON approval, the study 

protocol was submitted to University of Maryland’s Human Protections Office.   This office 

oversees studies conducted on campus and at the University of Maryland Medical Center 

(UMMC).  Due to the study’s minimal risks, an expedited Institutional Review Board (IRB) 

review process was done and approval obtained on March, 23 2012.  At that time a full 

HIPPA waiver was also granted (Appendix 3).  Two protocol modifications were requested 
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from the IRB during data collection for additional personnel and extension of study 

timeframe.  A nursing administrator from UMMC was added to the IRB protocol for 

electronic medical record access sponsorship.  In addition, the study enrollment period was 

extended to increase sample size.  

3.3 Setting and Routine Surgical Care 

UMMC is a tertiary care, university affiliated hospital performing approximately 850 

cardiac surgery cases per year.  Patient selection was at the discretion of referring physicians 

and five cardiac tenured surgeons performing the AVR procedures. Patients received care 

from the cardiac surgery team, based on institutional routines, protocols and provider 

judgment.  General endotracheal anesthesia was used for all patients, with medications and 

doses at the discretion of attending anesthesiologists.  All patients had an arterial line inserted 

for blood pressure monitoring and most had a pulmonary artery catheter placed for 

hemodynamic monitoring.  All procedures were done with assistance of cardiopulmonary 

bypass, cardioplegia, mild systemic hypothermia and relative hypotension.  Direct aortic 

cross-clamping, cannulation and antifibrinolytics were given per the attending surgeon.  

Surgical technique, valve selection and implantation were also determined by the attending 

surgeon.  All patients had intra-operative trans-esophageal echocardiograms done after valve 

implantation and prior to chest closure.  

After hemodynamic stabilization, subjects were immediately transferred from the OR 

to the cardiac surgery intensive care unit (CSICU).  In CSICU, attending surgeons, a critical 

care team and consultants managed patient care.  Liberal inotropic use and conservative fluid 

and transfusion resuscitation policies were followed during the immediate post-operative 

period.  Patients transferred out of CSICU to a telemetry unit, when extubated and 
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hemodynamically stable.  Telemetry unit care was provided by the cardiac surgery team, 

including nurse practitioners, fellows, attending surgeons and consultant physicians as 

required.  

3.4 Sample 

To identify a homogeneous group of patients undergoing AVR, inclusion and 

exclusion criteria were applied. Patients were included if they had an elective AVR 

procedure at the study site from 11/20/2007 to 11/30/2011. Only adult patients (age > 18) 

who had a single surgical procedure were examined (e.g., isolated refers to having a single 

procedure).  

Patients with endocarditis are at increased risk for septic mediated acute kidney injury 

and prolonged post-operative ICU and hospital lengths of stay (Dewey, et al., 2012; Yuh, 

Vricella, & Baumgartner, 2007).  Prolonged intubation increases risks for post-operative 

ventilator associated pneumonia or central lines infections and/or sepsis.  These infectious 

states could also precipitate an acute kidney injury and prolonged ICU and hospital length of 

stays (Ghotkar, Grayson, Fabri, Dihmis, & Pullan, 2006; Yuh, Vricella & Baumgartner, 

2007).   

Patients with redo sternotomies are at higher risks for right ventricle wall adherence 

to the sternum, difficult cardiopulmonary bypass cannulation, heparin induced 

thrombocytopenia, excessive intra and post-operative bleeding as well as problematic cardiac 

de-airing than patients without prior cardiac surgery (Machiraju, Schaff & Svenson, 2011).  

As a result, re-surgeries incur longer anesthesia, cardiopulmonary bypass and operating room 

times.  Redo sternotomy patients are also at increased post-operative risks of vasoplegia, low 

cardiac output syndrome, and acute kidney injury as compared to patients without prior 
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cardiac surgery (Machiraju, Schaff &  Svenson, 2011).  Similarly, multi-vavlular and 

complex surgical procedures also incur more anesthesia, longer cardiopulmonary bypass and 

operating room times.  Complex surgical patients also have increased post-operative 

complications rates (Yuh, Vricella & Baumgartner, 2007).   

Patients with a history of permanent cardiac pacemaker insertion were excluded, as 

they typically do not have temporary epicardial pacing wires inserted (Yuh, Vricella & 

Baumgartner, 2007).  Pre-operative dialysis dependent renal failure patients cannot be 

quantified for post-operative acute kidney injury and were also excluded.  Additionally, 

vulnerable populations such as pregnant or breast feeding women were excluded as they do 

not receive ‘routine’ post-operative care.   

3.5 Identification of Sample  

Dr. Griffith, chief of Cardiac Surgery at UMMC was informed of this study’s purpose 

and offered the department’s assistance to identify eligible patients from the Society of 

Thoracic Surgeons (STS) national quality improvement initiative (Shainain, 2011).  After 

IRB approval, the STS data manager at UMMS created an electronic file of medical record 

numbers from consecutive aortic valve surgical cases.  Initially, medical record numbers of 

procedures performed from 11/30/2009 to 11/30/2011 were requested.  Unfortunately, this 

time span provided an insufficient sample and after IRB approval, eligibility was expanded to 

include procedures from 11/30/2007 through 11/30/2011.  However, medical record numbers 

had only been entered until 10/24/2011, thus the enrollment period was limited to 11/30/2007 

to 10/24/2011.  The study hospital had a substantial number of complex (n=69) and redo 

surgical procedures (n=30) as well as patients with endocarditis (n=25).  This complexity in 

surgical procedures and aortic pathology reflects the tertiary care and urban location of this 
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institution. Of the 196 AVR eligible cases, one chart had multiple missing flow sheets and 

was excluded from data analysis, for a final sample of 195 subjects.  Figure 3.1 provides a 

summary of eligibility screening.  

Figure 3.1 Screening and Eligibility Process  

 

 
 

3.6 Data Collection Procedures 

Study data collection procedures were started after IRB approval.  Medical record 

numbers were released by the STS data manager and used for eligibility screening and chart 

reviews.  All eligible subjects were assigned a sequential case number for screening and data 

collection forms. The tracking number enabled the medical record to be deleted after data 

collection and quality assurance.   

User codes for Power Chart and Horizon Patient Folder healthcare informatics 

systems access were obtained from the Information Technology (IT) department in 

collaboration with a UMMC nurse administrator/researcher.  Power Chart is a real-time 

electronic medical record system housing laboratory, dictated reports, and computerized 
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physician order entry information.  For this study, demographics, laboratory and diagnostic 

reports (echocardiograms) as well as pre-operative history and physicals, operative reports 

and discharge summaries were accessed from this system.  Horizon Patient Folder program is 

an electronic archival system of paper based clinical information.  Clinical flow sheets 

accessed for this study were cardiopulmonary perfusion records, anesthesia and critical care 

flow sheets and discharge checklists.   

A data collection form was developed for this study, containing several sections: pre-

operative characteristics (co-morbidities and medication use), intra-operative characteristics 

(surgical and anesthesia interventions), post-operative cardiovascular interventions 

(epicardial pacing, hemodynamic support), morbidity (vital signs and AKI) and resource 

utilization (length of stay and duration of pacing wires).  Subjects were identified by a 

sequential case number and all data items were written on this form.  This tool is contained in 

Appendix 3.A.   

A single data collector abstracted data at UMMC using hospital equipment, security, 

and firewalls.  The data abstraction area was away from public access to minimize risks.  

When not in direct use, completed data collection forms were kept in a locked file cabinet, 

behind a locked door.  Given the retrospective design of this study and the use of previously 

collected medical information, the study coordinator functioned as data safety monitor.  An 

eligibility form was completed on all patients screened with information obtained from 

discharge summaries.  After screening, if a patient was eligible, then a subject’s data 

collection form was completed.  The study had two data abstraction phases, a pilot test and 

chart reviews. 
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      3.6.1     Pilot Test 
 

Initially, feasibility of data collection methods and forms were tested in a small pilot 

procedure.  Ten charts were reviewed and provided information on chart retrieval processes, 

data abstraction, and participant eligibility to guide study timelines.  Alterations to the data 

collection strategy were made based on pilot study results.  Eligibility forms were completed 

on ten patents then; data were abstracted from medical archives of the eligible participants.   

     3.6.2     Chart Reviews   
 

Each data collection form required a minimum of one and a half hours to abstract 

required information.  Collection was batched according to the electronic program needed 

(e.g., Power Chart or Horizon Patient Folder) to increase efficiency.  For example, data were 

abstracted on 20 eligible subjects in Power Chart, then from Horizon Patient Folder.  

Information to evaluate eligibility was found in the pre-operative screening summary, 

operative report and discharge summaries.  Power Chart electronic forum contained data on 

lab values, dictated reports (echo, pre-operative and operative reports, discharge summaries) 

and demographics (gender, date of birth, discharge date).   

Data were often difficult to locate and abstract from Horizon Patient Folder.  For 

example, information on temporary epicardial pacing wire was retrieved from anesthesia 

records, intra-operative dictations, critical care flow sheets, physical progress notes, and 

discharge summaries and checklists.  Pacing was only discussed in the discharge summary if 

a permanent cardiac pacemaker was inserted.  Intra-operative data, cardiovascular 

interventions (pacing, hemodynamic support, and CPB times) and vital signs were located on 

perfusion and anesthesia flow sheets. The organization, format and documentation of patient 

information remained stable during the study period.  The only exception was anesthesia 

clinical flow sheets, which became computerized during the last year of the study.  Three 
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charts had missing pages and portions of documentation including anesthesia and critical care 

flow sheets, however, available data were collected from these cases.    

3.7 Measures  

This section describes the variables used to measure antecedents, processes and 

outcomes outlined in Figure 1.1.  Data were measured at distinct timeframes of the index 

hospitalization.  These timeframes included pre-operative, intra-operative, and post-operative 

timeframes.  The pre-operative period concluded just prior to skin incision and includes past 

medical history and medication use.  The intra-operative period was from operating room 

(OR) admission to discharge.  Intra-operative factors encompassed cardiopulmonary bypass 

(CPB) time and cardiovascular interventions of epicardial pacing and hemodynamic support 

at separation from CPB.  The post-operative timeframe included CSICU admission to 

hospital discharge.   

     3.7.1     Pre-operative: Demographic Characteristics 
 

Demographics measured were date of birth, gender and race (Table 3.1).   

Table 3.1 Measures and data source for demographic characteristics 
Item  Measure Source  

Age Measured:  

Birth date  

Surgical date  

Demographic section ‘face sheet’, 

Operative Report  

Gender  Male/Female  Demographic section ‘face sheet’  

Race Categorical values per hospital:  

Caucasian, African-American, Other   

Demographic section ‘face sheet’ 

Date of birth was used to calculate age at time of surgery.  Age was bimodal and to prevent 

violating statistical assumptions, age was dichotomized at a threshold of more than or equal 

to 75 years old for multivariate analyses.  Race was measured according to UMMC 

guidelines and included Caucasian, African-American and others.  For analysis, race was 

collapsed into white and non-white.  At UMMC, ethnic groups were not identified 
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consistently thus, data were unreliable and not captured. Gender was measured as male and 

female.   

     3.7.2     Pre-operative Co-morbidities 
 

Aortic stenosis. Aortic pathology was captured as pre-operative aortic stenosis (yes/no).  

This information was abstracted from echocardiogram reports, operative or discharge 

summaries (Table 3.2).   

Table 3.2 Measures and data source for preoperative and intraoperative variables 

Concept  Item  Measure Source  

Pre-operative  

Co-

morbidities 

Aortic Pathology  Aortic Stenosis Yes/No  Echocardiogram report or  

History/ Physical 

Chronic Kidney 

Disease   

Most recent Pre-operative  

serum creatinine value 

Laboratory  value 

 Diabetes Mellitus  Yes/No History/Physical 

Ejection Fraction Ejection % 

< 40% and > 40% 

Echocardiogram report, 

History/ Physical 

QRS duration Millisecond  EKG 

Medication use  Yes/No for classes: 

Statins 

ACE/ARB  

History/Physical 

Intra-

operative 

Surgical 

Parameters 

Cardio-pulmonary 

Bypass  

Time in minutes 

< or > 120 minutes 

Perfusion records 

Cardio-

vascular 

Interventions 

at separation 

from CPB 

Epicardial Pacing Yes/No Anesthesia records 

Vasopressor use Medication Name/dose:  

 

Anesthesia records  

Inotropic use  Medication Name/dose:  

 

Anesthesia records   

 

Chronic Kidney Disease (CKD). As previously discussed, serum creatinine is a clinically 

relevant and consistently used biomarker of renal status.  Serum creatinine is more specific 

and sensitive indicator of renal dysfunction then a diagnosis of chronic kidney disease (Del 

Duca, 2007).  The most recent pre-operative serum creatinine value was abstracted from 

Power Chart (Table 3.2).  This serum creatinine value was dichotomized at ≥ 1.41 mg/dL to 

define the presence of chronic kidney disease (Eltheni, et al., 2012; Fauci, et al., 2009).   
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Diabetes Mellitus (DM). Diabetes was captured as presence and/or history, regardless of 

duration or medication type, as defined by the Society of Thoracic Surgeon Database 

(O’Brien, et al., 2008). This information was taken from discharge summaries and coded as 

either yes no (Table 3.2).   

 Ejection Fraction (EF). Ejection fraction is percentage of blood emptied from the ventricle 

at end of ventricular contraction (Cohen, 2003; Woods, Froelicher, Motzer, & Bridges, 

2005).  Data were captured from echocardiogram reports in Power Chart (Table 3.2).  If a 

range of values was listed on the report, these numbers were placed on data collection forms 

and entered into the original data set.  Mean value from the range was imputed into the data 

analyses file during data cleaning.  Using a mean value imputation approach prevents an 

under or over representation of original values (Tabachnick, & Fidell, 2001).  Ejection 

fraction data were collapsed into clinically relevant categories of < 40% and > 40% (Likosky, 

et al., 2012).    

QRS Duration. QRS duration is a graphic depiction of ventricular depolarization and 

measured in milliseconds from an electrocardiogram (EKG) or rhythm strip printout 

(Morton, Tucker, & Van Rueden, 2005).  A normal adult range for QRS is 0.05 to 0.010 

seconds or 50 to 100 milliseconds (Dubin, 2000).  This standardized EKG value was 

captured from the most recent pre-operative EKG as a continuous level item (Table 3.2).   

Pre-operative medication use 

Statin use. Statins inhibit 3-hydroxy-3-methyglutaryl coenzyme A (HMGCoA) reductase, 

which ultimately lowers serum levels of low density lipoproteins (Angeloni, et al., 2011).  

Additionally, statins inhibit inflammatory responses; reduce levels of C-reactive proteins and 

activity of inflammatory cells (Angeloni, et al., 2011).  Pre-operative statin use has been 
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associated with reduced post-operative cardiac arrhythmias and complication rates 

(Angeloni, et al., 2011).  Pre-operative statin use was abstracted from discharge summaries 

as yes/no responses (Table 3.2).   

ACE-I/ARB use. Pre-operative angiotensin-converting enzyme inhibitors (ACE-I) and 

angiotensin II receptor blockers (ARB) uses have been associated with intra-operative 

hypotension and post-operative acute kidney injury (Arora, 2008; Merli & Weitz, 2008).  

Pre-operative statin use was measured as any use from discharge summaries (yes/no).      

     3.7.3     Intra-operative Measures 
 

Cardiopulmonary Bypass. Cardiopulmonary bypass perfusion time (CPBt) is the total 

initial time a patient received cardiopulmonary bypass in minutes.  This value is calculated 

by a perfusionist and recorded on perfusion records.  If the patient was placed or ‘returned’ to 

cardiopulmonary bypass multiple times, each value was captured (Table 3.2).  However, only 

the initial CPB time item was used.  This item had outliers, which were verified by operative 

reports, anesthesia and perfusion records.  While, these outliers are clinically relevant, 

statistically they have impact on regression solutions (Tabachnick & Fidell, 2006).  

Therefore, CPB time was dichotomized at greater than 120 minutes as used in prior literature 

(Brown, et al., 2012).  

CPB Separation Temporary Epicardial Pacing. Intra-operative temporary epicardial 

pacing was captured as no/yes at separation from cardiopulmonary bypass from anesthesia 

records (Table 3.2).   

CPB Separation Hemodynamic Drip Support. Hemodynamic drip support could be from 

vasopressors or inotropic intravenous medications and both classes were measured at 

separation from CPB from anesthesia records.  Vasopressors consisted of neosynephrine, 
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vasopressin, or norepinephrine and if used, medication name was captured and coded as 

yes/no (Table 3.2).  All vasopressors were aggregated into any CPB separation use for data 

analysis.  Inotropic support was measured in a similar manner and included dobutamine, 

epinephrine and Milrinone from anesthesia records (Table 3.1).  All inotropes were 

dichotomized into yes/no items and aggregated into any inotropic use at separation from CPB 

for data analysis.   

     3.7.4     Immediate Post-operative Period 
 

CSICU admission Epicardial Pacing. Temporary epicardial pacing data captured 

include: type of wires, settings, rate and pacing indication (Table 3.3).   

Table 3.3 Post-operative measures of stability and data source 
 Concept  Item  Measure Source  

Morbidity Hour-2: 

Hemodynamic 

Stability 

 

(2-hours after 

admission to  

CSICU +  30 

minutes) 

Heart Rate Critical Care Flow sheets 

Systolic and Diastolic 

Arterial Blood Pressures   

Critical Care Flow sheets 

Post-operative 

Day-2 Renal Status  

Serum creatinine  Lab value  

Resource 

Utilization 

Length of Stay  CSICU: surgical date and 

transfer date to telemetry   

Discharge checklist 

/summary, Operative 

report 

Hospital: surgical date and 

discharge/transfer date  

home/outside facility  

Discharge checklist 

Discharge summary, 

Operative report 

Hour 2 Hemodynamic Stability. Hemodynamics, measured at the second post-operative 

hour + 15 minutes, included heart rate (Hr-2 HR), systolic blood pressure (SBP) and diastolic 

blood pressure (DBP).  Heart rate was consistently charted for the targeted timeframes on 

CSICU critical care flow sheets.  While, a traditional definition of bradycardia is 60 beats per 

minute, heart rates of 80-100 beats per minute augment cardiac output and are considered 

optimum during the immediate post-operative period (Yuh, Vricella & Baumgartner, 2007; 
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St. Andre & DelRossi, 2005).  Therefore, relative post-operative bradycardia was defined as 

as either yes or no for a heart rate less than 80 beats per minute.  

Mean Arterial Pressure (MAP) has been used in post-operative cardiac surgery 

studies as a measure of perfusion and is least dependent on site or measurement techniques 

(Shahul, Dudick, & Lisbon, 2012).  MAP has been used in studies as a measure of tissue 

perfusion from cardiac pacing after chest closure (Rubinstein, et al., 2012; Shahul, Dudick, & 

Lisbon, 2012).  In this study, MAP is a proxy for tissue perfusion and cardiac output.  

However, MAP is not consistently documented on CSICU critical care flow sheets, so 

systolic and diastolic pressures were captured for this study.  Hour-2 mean arterial pressure 

(Hr-2 MAP) was calculated using the formula (2 x DBP) + SBP/3 during data cleaning (Yuh, 

Vricella & Baumgartner, 2007).  HR-2 MAP hypotension was dichotomized as either yes or 

no for MAP < 65 mmHg (Carl et al., 2010).  

      3.7.5     Post-operative Day-1 Cardiovascular Supports  
 

Post-operative day-1 hemodynamic drip support was collected as any use (yes/no) of 

intravenous vasopressors and/or inotropes after 7 a.m. on post-operative day-1.  

Cardiovascular Support was computed from any use of temporary epicardial pacing and 

hemodynamic (yes/no) after 7 a.m. of post-operative day-1.  Data were summated into three 

levels: 0-no support required; 1-either epicardial pacing or hemodynamic required; 2- both 

epicardial pacing and hemodynamic used.  Subjects requiring both epicardial pacing and 

hemodynamic supports were the highest risk and those not needing any support the lowest 

risk group.   

     3.7.6     Post-operative: Outcomes 
 

Renal Status. Renal status was measured as post-operative day-2 serum creatinine, as 

glomerular filtration rates are inaccurate among post-CPB therapy cardiac surgery patients 
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due to fluid shifts from intra-vascular to extracellular spaces (Bellomo, et al., 2008; Brown, 

et al., 2012; Di Eusanio, et al., 2012; Huen & Parikhm 2012; Karkouti, et al., 2009; Tolwani, 

2012; Uchino, et al., 2005; Vasquez, et al., 2012).  Serum creatinine is filtered in the 

glomeruli, excreted by the kidney and most frequently used as the clinical estimate of renal 

function (Fauci, et al, 2009).  While informative, a single creatinine value has limited clinical 

implications, rather a change in serum creatinine value from baseline has impetus (Hudson, 

2008).  Serum creatinine has a lag time of 48-72 hours from hypo-perfused events to value 

changes (Dennen, Douglas & Anderson, 2010).  An elevation of 0.26 milligrams/deciliter has 

been associated with post-operative morbidity among AVR patients (Higgins, 2007; Hudson, 

2008; Maganti, et al., 2005).  

Creatinine levels were measured pre-operative and on post-operative day-2 to 

estimate change in renal function from pre-operative baseline.  These results could be less 

than, equal to or greater than the pre-operative value and were categorized into no change, 

improved or worsened renal function using a threshold of 26.5 µmol per liter (Lewington, 

2011; Tolwani, A., 2012).  The improved renal status group had a reduction in post-operative 

creatinine compared to the pre-operative value. AKI was staged according to Acute Kidney 

Injury Network (AKIN) criteria as: 1-mild; 2-moderate and 3-severe for descriptive analysis 

(Lewington, 2011).   

Cardiac Surgery Intensive Care Unit (CSICU) Length of Stay.  Typically, hourly 

hemodynamic improvements are seen from 12 to 24 post-operative hours.  Upon stabilization 

patients are transferred from CSICU to less acute care (Yuh, Vricella & Baumgartner, 2007; 

St. Andre & DelRossi, 2005).  CSICU length of stay (LOS) was measured as the number of 

days from surgical day to date of initial transfer out of CSICU.  Data were abstracted from 
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operative reports or critical care flow sheets. If a patient was readmitted to CSICU, the 

second admission was not counted in CSICU length of stay, but as part of hospital stay.  

Prolonged ICU LOS has been defined in the literature as a range from 1-7 days (Hassan, et 

al., 2012; Lawrence, Valencia, Smith, Murday & Treasure, 1999; Kogan et al., 2003; 

Ghotkar, Grayson, Fabri, Dihmis, & Pullan, 2006; Doering, Esmailian, Imperial-Perez & 

Monsein, 2001).  This study defined prolonged post-operative CSICU stay greater than or 

equal to four days.   

Hospital Length of Stay. In-patient length of stay was calculated from surgical day 

to date of discharge or transfer from hospital.  These data were abstracted from operative 

reports and discharge summaries.  If a patient was readmitted within 24 hours, second 

hospitalization was not included in the index length of stay.  Prolonged hospital stay has 

several definitions in the literature including > 6 days (61.0% sample) and > 14 days (7.9%) 

(O’Brien, et al., 2009).  Hospital stay was dichotomized into a prolonged stay at more than 7 

days.  Table 3.4 provides a summary of post-operative morbidity and resource utilization with 

data abstraction source.  

Table 3.4 Post-operative morbidity and resource utilization measures with data 

                abstraction source 
Concept  Item  Measure Source  

Morbidity Post-operative Day-2 

Renal Status  

Length of Stay  

Serum creatinine  

Acute kidney injury  

Lab value  

Resource 

Utilization 

  CSICU: surgical date and 

transfer date to telemetry   

 

Discharge checklist 

/summary, Operative report 

  Hospital: surgical date and 

discharge/transfer date  

home/outside facility 

Discharge checklist 

Discharge summary, 

Operative report 

 

3.8 Missing Data 

Missingness is a limitation of medical chart review methodology (Gearing, 2006).  

All possible efforts were made to limit missing data during data collection.  However, three 
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subjects had missing chart portions including anesthesia records and critical care flow sheets.  

These subjects were included in analyses when possible, but had to be excluded from 

analyses requiring intra-operative surgical parameters and post-operative data.  Data 

abstraction, entry and analyses were done by a single source.  Data were evaluated and 

verified during the abstraction process.  Data outliers were carefully resourced and validated 

by multiple medical record sources during data collection.  

3.9 Data Management  

Data were entered into Statistical Package for the Social Sciences version 20.0 

(SPSS®, Chicago, 2010).  Quality assurance was done when all data had been entered into 

this file, on 10% randomly selected forms (n=19).  Data accuracy between electronic health 

records and data collection forms was 99%.  Accuracy was also 99% between collection 

forms and SPSS file.  As both accuracy rates were satisfactory, a raw original data set was 

finalized.  After finalization, medical record numbers were deleted and a final data analysis 

file was created.  During data cleaning, items reported as a range of values were reported as 

the mean of the range.  In particular, ejection fraction was frequently listed as a range in 

medical records.  For an example, a 40- 45% range was coded as a 42.5% value in the data 

analyses file.    

3.10 Sample Size and Statistical Power Considerations  

The primary variable of interest is acute kidney injury (AKI). AKI post-operative 

prevalence ranges from 12 to 40% in the AVR population (Argalious, et al., 2010; Arora, et 

al., 2008).  For this sample size calculation, a moderate effect size of 0.5, two-tailed data 

analyses, alpha of 0.05, and power 80% were used.  This estimated a sample size of 64 

subjects for an independent t-test analysis (Cohen, 1988; Lwanga & Lemeshaw, 1991).  
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However, the effect size for epicardial pacing and AKI is unknown.  Sample size was 

estimated using the formula of 50 + 8n (number of predicators) in a regression equation or 

82.   

3.11 Data Analysis Plan 

Univariate analyses were examined for all variables once data were cleaned.  A 

particular concern is skewness in parametric testing. For purposes of this study, skewness is 

calculated using the formula (mean – median)/ standard deviation (Tabachnick & Fidell, 

2006).  Skewness classification is mild, moderate and severe.  Severe and significant 

skewness values are above 0.20 or below -0.20 (Munro, 2005). 

Bivariate testing included Chi-square for dichotomous bivariate associations, 

contingency coefficients for multilevel bivariate associations, t-statistics for independent t-

tests and bivariate logistic regressions. Fisher’s exact testing was used to assess statistical 

significance for items with cell size of less than 10 subjects and chi-square for items with 

more than 10 subjects per cell.  Pearson’s correlations were done between outcomes 

(morbidity and resource utilization), antecedents (QRS duration and CPB time) and age.  All 

testing used an alpha of < 0.05 for statistical significance.  Only statistically significant items 

from bivariate associations were used in multivariate equations. 

Multivariate data analysis used linear regression for interval level outcomes and 

logistic regression for dichotomous outcomes.  If a statistically significant bivariate item was 

not statistically significant in multivariate analyses (p=.05), it was removed from the 

regression equation.   In modeling dichotomous outcomes, odds ratios were calculated using 

p/ (1-p) and confidence intervals set at 95% for statistical significance, using SPSS 20.  

Goodness-of-fit was evaluated using Hosmer-Lemeshow statistic, with a good model having 
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a non-significant chi-square (Tabachnick & Fidell, 2006).  Nagelkerke R square results are 

coefficients of determination or the proportion of variance explained by the proposed model.   

Aim 1: Examine factors influencing the postoperative use of temporary epicardial pacing 

in cardiac surgery intensive care.  

 

CSICU pacing was dichotomized into ‘Not paced’ and ‘Paced’ for analyses.  

Bivariate associations explored difference among pacing groups using cross-tabulations by 

selected pre-operative chronic health conditions (aortic pathology, chronic kidney disease 

(CKD), diabetes mellitus (DM), ejection fraction, and statin medications). Association for 

CSICU pacing and CPB separation pacing were explored using cross-tabulations.  Then, 

comparisons were made between pacing groups and interval level data including QRS 

duration, and CPB length of time using independent t-tests. Statistically significant covariates 

(p < 0.05) were entered into logistic regression models using a hierarchical approach of: 

Model 1- statistically significant pre-operative co-morbidities; Model -2 surgical parameters; 

Model 3-post-operative hemodynamics and Model 4-demographics.  Statistically non-significant 

items were removed from regression equations and a final parsimonious model created. 

Aim 2: Determine if there is a relationship between the use of epicardial pacing and 

hemodynamic support on outcomes (renal status and length of stay). 

 

Post-operative day-2 renal status  

For these analyses, post-operative day-1 cardiovascular support was used as different 

temporary epicardial pacing interventions and categorized as: Level 0-no support required; 1-

either epicardial or hemodynamic support required, and 2- both epicardial and hemodynamic 

supports required.   These items were ‘dummy-coded’ to compare level 1 and level 2 

supports to no support. Linear regression was used to test differences in post-operative day-2 

serum creatinine by level of support in Model 1.   Then, using a hierarchical approach, 
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statistically significant covariates from bivariate analyses were entered into models.  Model 2 

included Model 1 and statistically significant pre-operative co-morbidities.  Model 3 entered 

Model 2 and statistically significant surgical parameters.  Model 4 incorporated Model 3 and 

statistically significant post-operative occurrences.   Model 5 encompassed Model 4 and 

demographics. Statistically non-significant items were removed from regression equations 

and a final parsimonious model created. 

Acute Kidney Injury 

This analysis explored associations of post-operative day-1 cardiovascular support to 

post-operative day-2 acute kidney injury (AKI).  An increase in serum creatinines from pre-

operative to post-operative day-2 by 0.26 mg/dL defined an AKI.  Then, AKI item was 

dichotomized (yes/no) and post-operative day-1 cardiovascular support levels were entered in 

logistic regression Model 1.  Model 2 included Model 1 and statistically significant pre-

operative co-morbidities.  Model 3 entered Model 2 and statistically significant surgical 

parameters.  Model 4 incorporated Model 3 and statistically significant post-operative 

occurrences.   Model 5 encompassed Model 4 and demographics. Statistically non-significant 

items were removed from regression equations and a final parsimonious model created. 

CSICU Length of Stay 

This analysis explored associations of post-operative day-1 cardiovascular support and 

prolonged CSICU length of stay using logistic regression analyses.  Prolonged CSICU length of stay 

was dichotomized using a threshold of greater than four days and post-operative day-1 

cardiovascular support levels were entered into logistic regression Model 1.  Model 2 

included Model 1 and statistically significant pre-operative co-morbidities.  Model 3 entered 

Model 2 and statistically significant surgical parameters.  Model 4 incorporated Model 3 and 

statistically significant post-operative occurrences.  Model 5 encompassed Model 4 and 
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demographics. Statistically non-significant items were removed from regression equations 

and a final parsimonious model created.  Statistically non-significant items were removed 

from regression equations and a final parsimonious model created. 

Hospital Length of Stay 

 This analysis explored associations of post-operative day-1 cardiovascular support to 

prolonged hospital length of stay using logistic regression analyses.  Prolonged hospital 

length of stay was dichotomized using a threshold of greater than seven days and post-

operative day-1 cardiovascular support levels were entered into logistic regression Model 1.  

Model 2 included Model 1 and statistically significant pre-operative co-morbidities.  Model 3 

entered Model 2 and statistically significant surgical parameters.  Model 4 incorporated 

Model 3 and statistically significant post-operative occurrences.  Model 5 encompassed 

Model 4 and demographics. Statistically non-significant items were removed from regression 

equations and a final parsimonious model created.  Statistically non-significant items were 

removed from regression equations and a final parsimonious model created. 

Conclusion  

Chapter 3 summarized this study’s methodology including research design, sampling 

framework, construct measure and data collection procedures. Finally, data analyses plans for 

each of the study aims were presented.   
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CHAPTER 4:   

RESULTS 
 

The purposes of this study were to describe post-operative epicardial pacing and 

hemodynamic support among a sample of elective aortic valve replacement (AVR) patients.  

Associations between cardiovascular support, acute kidney injury and length of stay were 

explored.  This chapter presents sample characteristics and results by specific study aim.    

4.1 Sample characteristics  

Between 2007 and 2011, there were 196 AVR surgeries meeting study selection 

criteria performed at this one medical center.  One subject was excluded as data from clinical 

flow sheets including hemodynamics, and cardiovascular support were missing, leaving a 

final sample of 195.  Among this sample 60% of procedures were performed between 2009 

and 2010.  About half of the sample was male (51.3%, n=100) and the vast majority of the 

sample was Caucasian (87.7%, n=171).  The mean age of the sample was 67.7 years 

(SD=12.9) with a median of 69 years (range 34-100).   

Stenosis was the primary aortic pathology among 85% of subjects. Pre-operative 

chronic kidney disease (serum creatinine > 1.41 mg/dL) was an infrequent occurrence (6.2%) 

among these subjects.  Diabetes mellitus history was documented among one-third (29.9%, 

n=58) of the sample.  Left ventricular ejection fraction (EF) was multi-modal with a median 

value of 50% (n=86) and mean of 45.8% (SD=10.7).  Seventeen percent of subjects had an 

EF of less than 40%.  Pre-operative QRS duration was bi-modal at 90 milliseconds (n=13) 

and 100 (n=14) with a range of 60-198 milliseconds.  Statin medications were taken by 55% 

of the sample (n=107) and ACE-I/ARB medications were used by 41% (n=80).  Table 4.1 

provides a summary of sample pre-operative characteristics.    
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Table 4.1 Summary of pre-operative characteristics of patients undergoing AVR (N=195)  

 Sample  

n (%) 

Missing  

n (%) 

Surgical Procedure Year  1 (0.5) 

  2007 6 (3.1)  

  2008 30 (15.4)  

  2009 56 (28.7)  

  2010 57 (29.2)  

  2011 45 (23.1)  

Gender   0 

  Male 100 (51.3)  

  Female  95 (48.7)  

Race   3 (1.5) 

  Caucasian  171 (87.7)  

  African American 17 (8.7)  

   Other 4 (2.1)  

Aortic Pathology   1 (0.5) 

  Stenosis 164 (84.6)  

  Other 30 (15.4)  

Co-morbidities   

  Chronic kidney disease 12 (6.2) 0 

  Diabetes mellitus 58 (29.9) 1 (0.5) 

  Ejection fraction >40% 161 (83.0) 1 (0.5) 

Medication use   

  Statin 107 (55.2) 1 (0.5) 

  Ace Inhibitor/ARB 80 (41.2) 1 (0.5) 

   

 Mean (SD)  

Age years 67.7 (12.9)  

Ejection fraction (%) 45.8 (10.7)  

QRS duration milliseconds  99.0 (22.8)  

 

4.2 Peri-operative characteristics  

For the purposes of this study, peri-operative characteristics included both intra and 

post-operative occurrences.   

     4.2.1     Intra-operative characteristics  
 

Intra-operative parameters are often relevant predictors of post-operative recovery.  

The mean initial cardiopulmonary bypass time was 97.8 minutes (SD=25.1) among this 

sample.  Six subjects (3%) returned to cardiopulmonary bypass for additional surgical 
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interventions.  Over one-third (36.0%) of this sample required cardiac pacing at 

cardiopulmonary bypass (CPB) separation.  Thirty two patients required vasopressor use at 

CPB separation including vasopressin (n=17, 8.9%), phenylephrine (n=12, 6.1%) and nor-

epinephrine (n=3, 1.4%).  Four subjects received simultaneous infusions of two vasoactive 

medications (vasopressin and phenylephrine).  Two-thirds of the sample (n=127) started on 

inotropic support at CPB separation with dobutamine being the primary agent (n=98, 77.2%).  

The most frequent dose of dobutamine was 3 micrograms/kilogram/minute (mcg/kg/min) 

(n=50, 51%), with a range of 2 to 7.5 mcg/kg/min.  Epinephrine was infused for 22% (n=41) 

of the sample, with doses of 0.01 to 1.0 mcg/kg/min.  Milrinone was rarely used among this 

sample (n=4, 2%).   Table 4.2   provides a summary of peri-operative cardiovascular 

interventions influencing postoperative recovery.   

Table 4.2 Peri-operative cardiovascular interventions that may influence postoperative  

               recovery among 195 post-operative AVR patients 

 Characteristic Sample n=195  

n (% yes) 

Missing  

n (%) 

Cardiovascular Interventions   

CPB separation 

support  

Epicardial Paced  68 (36.0) 5 (2.6) 

Any Vasopressor use  32 (16.4) 6 (3.1) 

Any Inotrope use  127 (66.8) 6 (3.1) 

CSICU 

admission 

support  

Epicardial Pacing 51 (27.0) 5 (2.6) 

Any Vasopressor 23 (11.8) 4 (2.1) 

Any Inotrope  117 (61.3) 4 (2.1) 

 

     4.2.2     Post-operative hour-2 hemodynamic characteristics  
 

Post-operative hour-2 heart rate was normally distributed with a range of 50 to120 

beats/minute, with a mean of 82.5 (SD=13.1).  Among this sample, 65.1 % had a heart a rate 

> 80 beats/minute (n=123).  Mean value of the calculated mean arterial pressure was 73.6 

millimeters of mercury (mmHg) (SD=9.7) with a range of 52 to 129.  Hour-2 hypotension 

with a MAP < 65 mmHg occurred among 25 (12.8%) of the sample.   
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4.3  Post-operative health outcomes 

     4.3.1     Post-operative day-2 serum creatinine 
 

Post-operative day-2 serum creatinine was unimodal, with a mean value of 1.1 

milligrams/deciliter (mg/dL) (SD=0.5) and ranged from 0.44 to 4.51 mg/dL.  Variation in pre 

to post-operative day-2 serum creatinine values was examined using a threshold of 0.26 

milligrams/deciliter.  For the majority (75.4%) of the sample renal function did not change.  

Improvement was seen among nine patients (4.6%), while 20.0% (n=39) had an acute kidney 

injury.  An increase between pre and post-operative creatinine values by 0.26 

milligrams/deciliter defined an acute kidney injury (AKI).  Among AKI cases, 87% had an 

Acute Kidney Injury Network (AKIN) stage 1 and 13.2% a stage 2 injury.  There were no 

AKIN stage 3 cases in this sample.  

     4.3.2     Post-operative CSICU and Hospital Lengths of Stay  
 

The mean length of cardiac surgery intensive care unit (CSICU) stay was 2.6 days 

(SD=1.6), with a range of 1 to 29 and a mode of 1.0 day.  For 19.6% patients, the CSICU 

length of stay was greater than or equal to four days (n=38).  Median length of hospital stay 

was 6 days, mean 7.2 (SD=4.3) with a range of 3-47 days and a mode of 5.0 days.  For 

27.7% of the patients hospital length of stay was greater than seven days (n=54). Data were 

skewed for both CSICU and hospital lengths of stay.   

4.4 Specific Aim 1: Examine factors influencing the post-operative use of  

            temporary epicardial pacing in cardiac surgery intensive care.  
 

     4.4.1     Epicardial pacing characteristics  
 

In this sample, 90.8% (n=177) had right ventricular only pacing wires, 4.6% atrial 

and right ventricular wires (n=9), and 2.6% (n=5) had atrial only lead wires placed.  Missing 

data accounted for 2.1% of the sample.  Epicardial pacing prevalence among this sample was 
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36% at CPB separation, 27% on CSICU admission and 13% after 7 a.m. of post-operative 

day-1.   Intra-operative pacing indications were asystole (23.6%) and bradycardia/junctional 

rhythms (17%).  Of intra-operative or back-up paced subjects (n=94) set rates were < 60 

beats/minute (26.6%), 70-80 beats/minute (69.1%), and >80 beats/minute (4.6%).   

On admission to CSICU, the most common pacing mode was ventricular sensed, 

ventricular paced and inhibited (VVI) (6, 35.4%), and AAI (atrial sensed, ventricular paced 

and inhibited) among 4 subjects (2.1%) and DDD (atrial and ventricular sensed, ventricular 

paced and inhibited) (7, 3.7%).  CSICU admission pacing indications were asystole (3.1%) 

and bradycardia/junctional rhythms (17%).  Pulse generators were off or pacing wires capped 

for 113 (58.9%) subjects.  On CSICU admission, pulse generators were on for 115 subjects 

with rates of < 60 beats/minute (48.8%), 70-80 beats/minute among 42.5%, and >80 

beats/minute (2.5%).   

Post-operative hour-2 epicardial pulse generator rate settings among 68 subjects were 

< 60 beats/minute (55.9%), 70-80 beats/minute (27.9%), and >80 beats/minute (5.9%).  

Ventricular output (mA) was documented on 64 charts with 47% having setting < 10 mA 

(n=30), 50% had 10 > mA < 20 (n=32), and 3% mA output > 20 mA (n=2).     

4.4.2     Bivariate analysis of characteristics by CSICU pacing status    

Aortic stenosis was the only statistically significant pre-operative co-morbidity 

associated with pacing group (Fisher exact testing p=.010).  Only 2/51 patients with a 

diagnosis of AS were not paced; however, further analyses with this item would violate non-

parametric statistical assumptions and this co-morbidity was not included in further analyses.  

Mean pre-operative QRS duration values were slightly longer among subjects paced (104.0, 

SD=28.0) than those not paced (97.32, SD=20.3).  However, these results were not 
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statistically different (p=.073).  Among CSICU paced subjects, females were more often 

paced (n= 32, 64.0%) as compared to males (n=18, 36.0%) (p=.006).  Slightly more than half 

of those paced were over 75 years old (51%).  Table 4.3 compares characteristics of patients 

not requiring CSICU admission epicardial pacing (n=138) and those requiring pacing (n=51). 

Table 4.3 Sample characteristics by CSICU pacing group membership among 189 post- 

                operative AVR subjects 
  

Characteristic 

Not CSICU Paced 

n= 138, n (%) 

CSICU Paced 

n =51, n (%) 

p 

value 

Co-

morbidities 

Aortic Stenosis  111 (80.4) 49 (96.1) 0.010 

Chronic Kidney Injury   4 (2.9) 4 (7.8) 0.134 

Diabetes Mellitus  

diagnosis  

37 (26.8) 18 (35.3) 0.267 

Ejection fraction < 40% 26 (18.8) 7 (13.7) 0.400 

Statin use  72 (52.2) 30 (58.8) 0.443 

ACE/ARB use 59 (42.8) 20 (39.2) 0.634 

Demo-

graphics  

 Female gender  55 (63.2) 32 (36.8) 0.006 

Caucasian  124 (89.9) 43 (84.3) 0.176 

Age >75 41 (29.7) 26 (50.9) 0.007 

Surgical 

Parameters 

CPB time > 120 minutes  23 (16.7) 10 (19.6) 0.636 

At CPB 

separation: 

Epicardial pacing  27 (39.7) 41 (60.3) 0.001 

‘Any’ vasopressor use  12 (8.7) 5 (9.8) 0.824 

‘Any’ inotrope use  87 (63.0) 37 (72.5) 0.269 

Note. Significant differences measured with Chi Square. 

 

Mean cardiopulmonary bypass time was slightly longer (99.97, SD=39.61) among 

subjects not paced than those paced (95.64, SD=23.71).  However, these results were not 

statistically significant (t=0.884, p=.378).  CPB separation epicardial pacing was a 

statistically associated conduit for CSICU pacing as 80% (41/51 subjects) were still paced in 

CSICU (p<.001).  CPB separation vasopressor usage was not associated with CSICU pacing 

either individually (neosynephrine, nor-epinephrine and vasopressin) or collectively (‘any 

use’).  Although, epinephrine was used less frequently at CPB separation than dobutamine 

(51%) a statistically significant percentage of epinephrine users (35%) were CSICU paced 

and this may be a proxy for a more hemodynamically unstable patient.  However, ‘any’ CPB 
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separation inotropic use was not statistically associated with CSICU pacing.  Table 4.4 

provides a summary of CSICU epicardial pacing group and intra-operative hemodynamic 

support cross-tabulations.   

Table 4.4 Cross-tabulations of CSICU epicardial pacing group and intra-operative  

                hemodynamic support among AVR subjects (n=189)  

At CPB separation: 

N (%) 

 Not CSICU Paced 

138 (70.8%) 

CSICU Paced  

51 (27.0%) 

Chi 

square     

Hemodynamic Support   n (%) N (%)  

Inotrope use Dobutamine 

98 (51.9) 

No 66 (47.8) 23 (45.1) 0.833 

Yes 71 (51.4) 27 (52.9)  

Epinephrine 

41( 21.7) 

No 113 (81.9) 23 (45.1) 0.007 

Yes 33 (23.9) 18 (35.3)  

Vasopressor 

use 

Vasopressin 

19 (10.5) 

No 125 (90.6) 12 (23.5) 0.824 

Yes 13 (33.3) 5 (9.8)  

Phenylephrine 

16 (8.5) 

No 127 (92.0) 11 (21.6) 0.688 

Yes 46 (33.3) 5 (9.8)  

 

     4.4.3     CSICU Pacing Multi-variate Analyses  
 

Next a logistic regression model explored the associations of the three statistically significant 

factors CPB separation epicardial pacing, gender, and age with CSICU admission pacing.  

Aortic stenosis was not included in analysis due to small cell sizes and CPB epinephrine use 

was not included as the ‘any inotrope’ item was not statistically significant.  Intra-operative 

pacing and female gender remained statistically significantly associated with CSICU pacing 

even after controlling for age.  Females were almost three times more likely to require 

CSICU pacing than their male counterparts; this association remained statistically significant 

even in the presence of intra-operative pacing and age.  While age > 75 years was associated 

in bivariate analyses, this item was not significant in multivariate analysis.  The Nagelkerke 

R square for the adjusted model was 0.451; with 45% of the variance for CSICU pacing 

group membership explained.  Goodness of fit Hosmer and Lemeshow statistic was 0.756 for 
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Model 2, therefore these data fit this model.  Table 4.5 provides a summary of these logistic 

regression models.  

Table 4.5 Likelihood of CSICU pacing membership and pre and intra-operative factors 

                among post-operative AVR subjects (n=189) 

Factor  Reference 

Category  

Model 1 Model 2 

 OR (CI) OR (CI) 

Intra-operative 

Epicardial pacing  

No pacing  17.28 

 (7.63-39.16) 

18.71  

(7.82-44.75) 

Female gender  Male  - 3.08 (1.30-7.31) 

Age  < 75 years  - 1.51 (0.65-3.52) 

 

In summary, this study found intra-operative epicardial pacing is a conduit for CSICU 

pacing after controlling for the effects of gender and advanced age.  A gender bias for 

CSICU epicardial pacing was noted.   Advance age > 75 years was also a risk factor for 

CSICU pacing.   

4.5 Aim 2 a Determine if there is a relationship between the use of epicardial pacing 

and hemodynamic support on outcomes (renal status). 

 

This analysis examined the associations of prolonged cardiovascular support including 

temporary epicardial pacing and hemodynamic supports.  Outcomes of interest were post-

operative morbidity and resource utilization.    

     4.5.1     Post-operative day-1 cardiovascular support  
 

Temporary epicardial pacing after 7 a.m. on post-operative day-1 was required for 

13% of the sample.  More subjects were on ‘any’ vasopressor support on post-operative day-

1 (28.7%), than on CSICU admission (11.8%).  ‘Any’ inotropic support after 7 a.m. of post-

operative day-1 was required among 60.7% of the sample.   

Post-operative day-1 cardiovascular support was computed using ‘any’ temporary 

epicardial pacing and ‘any’ hemodynamic drip support (vasopressor or inotrope).  Post-

operative day-1 cardiovascular support was classified into three categories: 1) Level 0 
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subjects required no post-operative day-1 cardiovascular support (49, 26.1%), 2) Level 

1subjects needed either epicardial or hemodynamic support (121, 64.4%) and 3) Level 2 

subjects used both epicardial and hemodynamic supports.   Level 0 subjects had the least 

amount of post-operative risk and Level 2 subjects had the most post-operative risk (18, 

9.5%).  Post-operative day-1 cardiovascular support levels had minimal missing data (7, 3.6%).  

Level of cardiovascular support was not statistically associated with antecedents (aortic 

pathology, chronic kidney disease, diabetes mellitus, ejection fraction >40%, ACE-I/ARB 

use).  

     4.5.2     Post-operative day-2 serum creatinine analysis 
 

Statistical differences in post-operative day-2 serum creatinine values were found for 

pre-operative serum creatinine (p < .001) and gender (p=.002).  No differences were detected 

in the post-operative day-2 serum creatinine values for those with aortic stenosis (p=.053), 

diabetes mellitus (p=.076), ejection fraction > 40% (p=.012), statin use (p=.922), ACE-

I/ARB use (p=.672), CPB time > 120 minutes (p=.644), or age > 75 years (p=.405).  Table 

4.6 summarizes these findings.   
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Table 4.6 Sample characteristics by mean post-operative day-2 serum creatinine among 

               194 post-operative AVR subjects 

Characteristic Group membership (n)  Mean 

value 

SD t-

statistic  

p-

value 

  Pre-operative  

Aortic Stenosis  

No (30) 1.02 0.25 -1.06 .053 

Yes (164) 1.12 0.53   

Pre-operative  

Serum creatinine 

< 1.4 mg/dL(181) 1.03 0.34 -9.16 <.001 

>1.4 mg/dL (14) 2.08 0.97   

Pre-operative  

Diabetes Mellitus  

No (136) 1.06 0.47 -1.86 .076 

Yes (58) 1.21 0.54   

Pre-operative  

Medication use  

No statins (87)  1.11 0.47 .097 .922 

Statin use (107) 1.10 0.51   

No ACE-I/ARB use (114) 1.12 0.52 0.42 .672 

ACE-I/ARB use (80) 1.09 0.45   

Cardiopulmonary 

bypass time  

< 120 minutes  (157) 1.10 0.51 -0.52 .644 

> 120 minutes (37) 1.14 0.42   

Gender  Male (100) 1.21 0.56 3.20 .002 

Female (90) 0.98 0.39   

Race  Caucasian  (171) 1.09 0.48 -1.27 .881 

Non-white (21) 1.23 0.59   

 

Post-operative day-1 cardiovascular support was ‘dummy coded’ as level 0 verse 1 

and level 0 verse 2 for this linear regression analysis.  Neither one (p=.613) nor two (p=.965) 

levels of support were associated with post-operative day-2 serum creatinine when compared 

to subjects requiring no support.  Pre-operative serum creatinine was statistically associated 

with post-operative day-2 serum creatinine in both bivariate and multivariate analyses. Pre-

operative renal function was a precursor of post-operative renal functionality.  Gender 

differences were no longer evident once cardiovascular support and pre-operative creatinine 

were entered.  Table 4.7 provides a summary of these findings.    
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Table 4.7 Linear Regression of post-operative day-2 serum creatinine, on post-operative 

               day-1 cardiovascular support and pre-operative serum creatinine among 195  

               post-operative AVR patients    
 Reference 

Category  

Model 1 Model 2 Model 3 

Factor  *(β)  t (p) *(β)  t (p) * (β)  t (p) 

Post-operative day-1 

Cardiovascular Support   

Level 1  

No 

support 

.069 .868 

(.387) 

.029  0.5 

(.613) 

.028 0.498 

(.619) 

Post-operative day-1 

Cardiovascular Support   

Level 2  

No 

support 

.008 .096 

(.923) 

.003 0.04 

(.965) 

-.003 -.046 

(.964) 

Pre-operative serum 

creatinine  

- -  .704 13.72 

(<.001) 

.714 12.98 

(<.001) 

Gender  Male  - - -  .029 .519 

(.605) 

*Standardized Coefficient       

 

     4.5.3     Acute Kidney Injury bivariate and multivariate analyses  
 

For this analysis, acute kidney injury outcome was dichotomized into no injury and 

an injury, which encompassed both AKIN stages 1 and 2.  AKI was statistically associated 

with pre-operative serum creatinine (p < .001) and aortic stenosis (p= .037 Fischer’s exact 

test). AKI was not statistically associated with diabetes mellitus (p=.067), ejection fraction 

>40% (p=.592), statin (p=.458) or ACE-I/ARB use (.904).  Additionally, AKI was not 

statistically associated with intra-operative CPB time or demographics in this sample.  Table 

4.8 provides a summary of these findings.     
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Table 4.8 Sample characteristics by acute kidney injury group membership among 194  

                post-operative AVR subjects 
Characteristic 

 

No Acute 

Kidney Injury  

156 (80.0)  

Acute Kidney 

Injury 

38 (19.5) 

p value 

Aortic Stenosis (n=164) 128 (78.0%) 36 (22.0%) .037 
F
 

Chronic Kidney Injury (n=14)   7 (50.0%) 7 (50.0%) .008
 F

 

Diabetes Mellitus (n=58) 42 (72.4%) 16 (25.6%) .067 
C
 

Ejection Fraction < 40% (n=41) 33 (80.5%) 8 (19.5%) .592 
F
 

Statin use (n=107) 84 (78.5%) 23 (21.5%) .458 
C
 

ACE/ARB use (n=80) 64 (80.0%) 16 (20.0%) .904 
C
 

CPB time > 120 minutes(n=37) 27 (73.0%) 10 (27.0%) .171 
F
 

Hour-2 MAP < 65 mmHg (n=25) 17 (68.0%) 8 (25.0%) .102 
F
 

 Female (n=90) 73 (81.1%) 17 (18.9%) .847 
C
 

Non-white  (n=21) 15 (71.5%) 6 (28.5%) .250 
F
 

Age >75 (n=69) 55 (79.7%) 14 (20.2%) .855 
C
 

C-chi square, F-Fisher’s exact test    

 

Next, AKI associations with post-operative day-1 cardiovascular support and pre-

operative serum creatinine were explored.  Prolonged cardiovascular support after 7 a.m. of 

post-operative day-1 was not statistically associated with post-operative day-2 AKI in 

unadjusted or adjusted models.   Pre-operative serum creatinine remained statistically 

associated with post-operative day-2 AKI after age adjustment.  This model explained 

minimal variance of post-operative day-2 AKI (8%). These findings indicate that prolonged 

cardiovascular interventions after 12 post-operative hours do not contribute to an early post-

operative AKI, as seen in Table 4.9.  
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Table 4.9 Likelihood of an acute kidney injury and post-operative cardiovascular support  

               among post-operative AVR subjects (n=179) 

Factor  Reference 

Category  

Model 1 Model 2 Model 3 

 OR (CI) OR (CI) OR (CI) 

Post-operative day-1 

cardiovascular support  

- 1.0 1.0 1.0 

Level 1 Level 0  1.48  

(0.59-3.73) 

1.52  

(0.59-3.93) 

1.55 

(0.60-4.04) 

Level 2 Level 0 1.85  

(0.47-7.32) 

1.93  

(0.47-7.94) 

1.81 

(0.43-7.70) 

Pre- operative serum creatinine  - - 6.24  

(1.77-22.06) 

6.73 

(1.85-24.50) 

Age  < 75 years  - - 0.89  

(0.38-2.05) 

Model Nagelkerke R square   .009 .076 .079 

Model goodness of fit 1.00 .709 .975 

 

4.6 Specific Aim 2 a Determine if there is a relationship between the use of 

epicardial pacing and hemodynamic support on outcomes (length of stay). 
 

     4.6.1     Prolonged CSICU length of stay descriptives 
 

CSICU length of stay (LOS) was measured as the number of days from surgical day 

to date of initial transfer out of CSICU.  A prolonged CSICU length of stay was defined as a 

stay greater than or equal to four days. On post-operative day-1, 38.5% transferred from 

CSICU to telemetry with 19.6% staying > 4 days.     

     4.6.2     Prolonged CSICU length of stay bi-variate analyses 
 

Prolonged CSICU length of stay was statistically associated with pre-operative aortic 

stenosis (p=.003), chronic kidney disease (p=.027) and hour-2 mean arterial pressure (MAP) 

(p=.007).  Prolonged CSICU length of stay was also statistically associated with gender 

(p=.011) and advanced age > 75 years (p=.012).  Prolonged CSICU length of stay was not 

statistically associated with diabetes mellitus, ejection fraction > 40%, QRS duration, statin 

or ACE-I/ARB use, and CPB time (Table 4.10).   

 



75 
 

Table 4.10 Sample characteristics by prolonged CSICU group membership among 195 

                  post-operative AVR subjects 
 Characteristic 

 

CSICU stay  

< 4 days  

157 (80.5%) 

CSICU stay  

> 4 days  

38 (19.5%) 

p value 

Co-morbidities Aortic Stenosis (n=163) 125 (76.7%) 38 (23.3%) .001 
F
 

Chronic Kidney Injury (n=13) 8 (61.5%) 5 (38.5%) .076 
F
 

Diabetes Mellitus (n=58) 43 (74.1%) 15 (25.8%) .157 
C
 

Ejection Fraction < 40% (n=41) 31 (75.6%) 10 (25.0%) .728 
C
 

Statin use (n=106) 86 (81.1%) 20 (18.9%) .100 
C
 

ACE/ARB use (n=80) 63 (78.8%) 17 (21.3%) .211 
C
 

Surgical 

Parameter 

CPB time > 120 minutes (n=37) 30 (81.8%) 7 (18.9%) .551 
F
 

Post-operative 

Morbidity 

Hour-2 mean arterial pressure 

 < 65 mmHg (n=25) 

15 (60.0%) 10 (40.0%) .007 
C 

Demo-

graphics  

 Female (n=90) 66 (73.3%) 24 (26.7%) .011 
C
 

 Non-white (n=21)  17 (81.0%) 4 (19.0%) .591 
F
 

 Age >75 (n=68) 48 (70.6%) 20 (29.4%) .012 
C
 

C-chi- square, F-Fisher’s exact test     

 

     4.6.3     Prolonged CSICU length of stay multi-variate analyses 
 

 This analysis examined associations of prolonged post-operative day-1 

cardiovascular support and CSICU length of stay >4 days using logistic regression 

controlling for statistically significant bivariate items (pre-operative serum creatinine, post- 

operative MAP, day-2 serum creatinine, age and gender).  Aortic stenosis was excluded from 

multivariate analyses, due to small cell size.  Of subjects with a prolonged CSICU length of 

stay, 26.1% had no post-operative day-1 support, 64.4% had either temporary epicardial 

pacing or hemodynamic medication and 9.6% required both temporary epicardial pacing and 

hemodynamic medication support.  When entered independently Levels 2 support, when 

compared to no support, was statistically associated with prolonged CSICU stay (p=.001), 

while Level 1 (p=.165) was not.  Level 2 cardiovascular supports remained statistically 

associated after controlling for pre-operative chronic kidney disease, post-operative hour-2 

MAP and day-2 serum creatinine, advanced age as well as gender.  Subjects requiring both 
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post-operative day-1 epicardial and hemodynamic supports were seven times more likely to 

have a prolonged CSICU length of stay > 4 days, when compared to those subjects not 

requiring post-operative day-1 support after controlling for pre-operative chronic kidney 

disease, post-operative hour-2 MAP and day-2 serum creatinine, advanced age as well as 

gender.  A MAP < 65 mmHg tripled the odds ratio of a prolonged CSICU length of stay > 4 

days when compared to subjects with a MAP > 65 mmHg.  Despite significant bivariate 

associations of a prolonged CSICU length of stay > 4 days with pre- and post-operative 

serum creatinine values, advanced age > 75 years and gender, these items were not 

statistically significant in multivariate analysis.  The amount of explained variance for the 

final prolonged CSICU stay model with post-operative day-1 cardiovascular support and 

selected covariates was 22% and Model 4 did not fit these data well (Table 4.11).   

Table 4.11 Likelihood of a CSICU stay > 4 days and post-operative cardiovascular  

                 support among post-operative AVR subjects (n=181) 
Factor Reference 

Category 

Model 1 Model 2 Model 3 Model 4 

 OR (CI) OR (CI) OR (CI) OR (CI) 

Post-operative day-1 

cardiovascular support Level 0 

1.0 1.0 1.0 1.0 

Level 1 Level 0 2.08 

 (0.74-5.86) 

2.14  

(0.75-6.08) 

1.81 

(0.62-5.32) 

1.69 

(0.56-5.10) 

Level 2 Level 0 9.90 

(2.63-37.34) 

10.38 

(2.71-39.75) 

9.23 

(2.34-36.46) 

7.31 

(1.81-29.48) 

Pre-operative 

serum creatinine 

- - 3.24 

(0.81-12.98) 

2.69 

(0.65-11.21) 

3.24 

(0.76-13.86) 

Post-operative 

hour-2 mean 

arterial pressure 

>65 

mmHg 

- - 3.09 

(1.16-8.24) 

2.94 

(1.08-8.05) 

Post-operative 

serum creatinine 

- - - 1.49 

(0.57-3.87) 

1.46 

(0.55-3.90) 

Age < 75 years - - - 1.91 

(0.84-4.36) 

Gender Male - - - 2.02 

(0.85-4.77) 

Model Nagelkerke R square .106 .126 .175 .224 

Goodness of fit for model 1.00 .682 .534 .800 

 

In conclusion, a final parsimonious Model 5 including prolonged cardiovascular 

support and post-operative hour-2 MAP was done.  Level 2 cardiovascular support increased 
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risks by ten-fold for a prolonged CSCIU stay > = 4 days, after controlling the effects of post-

operative hour-2 hypotension (3.02, 1.16-7.83).  These results reflect the importance of care 

delivery as a key contributor to a prolonged CSCIU stay > 4 days in this sample.    

     4.6.4     Prolonged hospital length of stay descriptives  
 

Hospital length of stay was calculated from surgical day to date of discharge or 

transfer from hospital.  A prolonged hospital length of stay was defined as a stay greater than 

seven days for these analyses. Nearly one quarter of the sample had a prolonged length of 

stay (n=54, 27.2%).   

     4.6.5     Prolonged hospital length of stay bivariate analysis 
 

Prolonged hospital length of stay was statistically associated with pre-operative 

chronic kidney disease (p=.001), hour-2 MAP < 65 mmHg (p=.004), and age > 75 years (p< 

.001) in cross-tabulations.  Additionally, prolonged CSICU length of stay > 4 days was also 

associated with prolonged hospital length of stay (p< .001).  Prolonged hospital length of 

stay was not statistically associated with diabetes mellitus, ejection fraction > 40%, QRS 

duration, statin or ACE-I/ARB use, and CPB time.  Gender and race were also not associated 

with prolonged length of hospital stay (Table 4.12).  
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Table 4.12 Sample characteristics by prolonged Hospital stay group membership among  

                 195 post-operative AVR subjects 
 Characteristic 

 

Hospital stay  

< 7 days  

157 (80.5%) 

Hospital stay  

>  7 days  

38 (19.5%) 

p value 

Co-morbidities Aortic Stenosis (n=164) 115 (70.1%) 49 (29.9%) .044 
F
 

Chronic Kidney Injury (n=14) 5 (35.7%) 9 (64.3%) .003 
F
 

Diabetes Mellitus (n=58) 39 (67.2%) 19 (32.8%) .267 
C
 

Ejection Fraction < 40% (n=41) 25 (61.0%) 16 (39.0%) .058 
C
 

Statin use (n=107) 77 (72.0%) 30 (28.0%) .803
C
 

ACE/ARB use (n=80) 58 (72.5%) 22 (27.5%) .855 
C
 

Surgical 

Parameter 

CPB time > 120 minutes (n=37) 25 (67.6%) 12 (32.4%) .438 
F
 

Post-operative 

Morbidity 

Hour-2 mean arterial pressure 

 < 65 mmHg (n=25) 

12 (48.0%) 13 (52.0%) .003 
C
 

Demographics   Female (n=90) 63 (70.0%) 27 (30.0%) .208 
C
 

 Non-white (n=21)  12 (57.1%) 9 (42.9%) .085 
F
 

 Age >75 (n=69) 39 (56.5%) 30 (43.5%) < .001 
C
 

C-chi square. F-Fisher’s exact test    

 

    4.6.6     Prolonged hospital length of stay multivariate analysis 
 

Prolonged cardiovascular support levels were statistically associated with prolonged 

hospital length of stay when entered independently and remained significant after pre-

operative serum creatinine was entered into the equation.  However, once post-operative 

hour-2 hypotension and CSICU length of stay > 4 days were entered into the regression 

equation, prolonged cardiovascular support was no longer statistically associated with 

prolonged hospital stay.  Model 4 did not fit these data well (Table 4.13). 
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Table 4.13 Likelihood of a hospital stay > 7days and post-operative cardiovascular  

                 support among post-operative AVR subjects (n=179) 
Factor  Reference 

Category  

Model 1 Model 2 Model 3 Model 4 

 OR (CI) OR (CI) OR (CI) OR (CI) 

Post-operative day-1 

cardiovascular support 

Level 0  

- 1.0 1.0 1.0 1.0 

Level 1 Level 0 - 2.60  

(1.07-6.34) 

2.75  

(1.10-6.89) 

2.13  

(0.81-5.62) 

1.85 

(0.69-4.93) 

Level 2 Level 0 4.80  

(1.41-16.37) 

5.23  

(1.49-18.41) 

1.98  

(0.48-8.22) 

1.71 

 (0.41-7.15) 

Pre-operative  

serum creatinine 

- - 5.82  

(1.55-21.87) 

4.11  

(0.96-

17.63) 

3.85 

(0.93-15.92) 

Post-operative hour-2 

mean arterial pressure  

< 65 

mmHg 

- - 2.45  

(0.91-6.64) 

2.59  

(0.93-7.20) 

CSICU length of stay  > 4 days  - - 7.16  

(3.01-

17.06) 

6.46  

(2.65-15.75) 

Age < 75 years - - - 2.59 

(1.21-5.55) 

Model Nagelkerke R square   .059 .111 .295 .331 

Hosmer and Lemeshow model 

goodness of fit Chi-square 

significance  

<.001 .123 .524 .901 

 

In conclusion, a final parsimonious prolonged hospital length of stay model was 

created including prolonged CSCIU stay > 4 days and advance age. The amount of variance 

explained by this model for these data was 29%. Subjects over the age > 75 years were over 

two and half times more likely to have a prolonged hospital length of stay > 7 days, when 

compared to subjects < 75 years old, after controlling for prolonged CSICU length of stay 

(Table 4.14).   

Table 4.14 Likelihood of a hospital stay > 7days and advanced age and prolonged  

                 CSICU stay > 4 days among AVR patients (n=187)  
Variable  Reference  

Category 

P 

value 

OR 95% CI 

Age < 75 years .009 2.64 1.28-5.47 

CSICU length of stay > 4 days  < 4 days <.001 9.30 4.10-21.07 
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4.7 Summary   

This study provides data on cardiovascular care associations including temporary 

epicardial pacing and hemodynamic medications delivered during the initial 12 post-

operative hours among AVR patients.  Intra-operative epicardial pacing was a conduit for 

CSICU temporary epicardial pacing in this sample.  The majority of pacing wires inserted 

were right ventricular and VVI pacing was the most frequently used mode.  Post-operative 

epicardial pacing is a common occurrence. Gender differences were found for CSICU 

temporary epicardial pacing with women three times as likely to require pacing when 

compared to men.    

Renal Status measured as either serum creatinine or using the threshold of acute 

kidney injury was not associated with prolonged cardiovascular support.  Post-operative 

serum creatinine was also not associated with age or gender.  Post-operative renal function 

was statistically associated with only pre-operative renal function.       

Post-operative day-1 cardiovascular support was associated with prolonged CSICU 

and hospital lengths of stay when entered into regression equations independently.  Post-

operative day-1 cardiovascular support Level 2 was statistically associated with prolonged 

CSICU length of stay even after controlling for pre-operative serum creatinine, post-

operative hour-2 MAP and demographics of age and gender in multivariate analysis.  Post-

operative day-1 cardiovascular support was not statistically associated with prolonged 

hospital stay > 7 days after controlling for post-operative hour-2 MAP and prolonged CSICU 

stay > 4 days.  A prolonged hospital stay was associated with a prolonged level of CSICU 

care and advanced age > 75 years.     

 



81 
 

CHAPTER 5:  

DISCUSSION      

 

This study examined associations between select pre- and intra-operative risk factors, 

cardiovascular interventions and post-operative hospital course including morbidity and 

resource utilization among isolated elective aortic valve replacement subjects.  In this 

chapter, the findings are discussed relative to the current literature.  Next, study limitations 

and nursing implications are summarized.  Finally, opportunities for future research are 

postulated.   

5.1 Sample characteristics  

This sample’s representativeness was assessed by comparing characteristics with 

registry data of 67,292 AVR elective/urgent procedures from 2002-2006 (O’Brien, et al., 

2009).  This sample had higher proportion of females (48.7% verse 41.7%), diabetics (29.2 

vs. 14.2%), and pre-operative aortic stenosis diagnosis (84.5 verse 79.3%) and age > 75 years 

subjects (35.6 vs. 33.9%) than the registry study (O’Brien, et al., 2009).   These comparisons 

suggest this sample had more co-morbidity and may be perceived as ‘sicker’ than the registry 

patients.  However, this AVR sample had a smaller proportion of chronic renal disease 

subjects with a creatinine greater than 1.5 mg/dL (4.6% verse 14.5%) than O’Brien’s study 

(2009).  The proportion of subjects with an ejection fraction < 40% (17.0% vs. 17.5%) and 

Caucasian (89.1 vs. 87.2%) were similar between the two studies (O’Brien, et al., 2009).   

Statin medications were taken by more subjects in this sample (55%) than a study of 

447 valve surgical cases (45.6%) (Fedoruk, et al., 2008).  This difference may be a result of 

current literature identifying pre-operative statin use as risk-reducing for post-operative 

complications of atrial fibrillation and acute kidney injury (Fedoruk, et al., 2008; Presta, et 

al., 2011; Weng et al., 2010).  The percent of patients taking ACE-I/ARB medications among 
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AVR patients has not been described among AVR samples.  But, in study of primarily 

CABG patients the ACE-I/ARB medications use was 52% and 41% among this study (Arora, 

et al., 2008).   This difference is most likely related to the propensity of symptomatic AVR 

patient to have pre-operative syncopal episodes and thus hesitation by care providers to 

prescribe ACE-I/ARB medications.  Overall, this sample is comparable to registry data 

samples.      

5.2 Peri-operative characteristics  

     5.2.1     Intra-operative characteristics  
 

The mean initial cardiopulmonary bypass time in this study (97.8 minutes) was 

similar to other studies (100 minutes) exploring AKI among cardiac surgery patients 

(Argalous, et al., 2010).  Six subjects (3%) returned to cardiopulmonary bypass for additional 

surgical interventions.  This study provides significant descriptive data on a single center 

intra-operative cardiovascular interventions and hemodynamic support.  Research has 

primarily focused on one intra-operative intervention; either epicardial pacing or inotrope 

support.  Intra-operative epicardial pacing was a conduit for post-operative pacing, similar to 

prior studies (Bethea, et al., 2005). This study does highlight a single center’s routine 

practices.  For example, dobutamine was widely used, while milrinone was rarely used in this 

sample and epinephrine was reserved for subjects with persistent hemodynamic instability.  

Less is known of intra-operative vasopressor use among cardiac surgery patients and in 

particular for valvular surgeries.  Vasopressin and norepinephrine uses have been explored 

previously among post-operative cardiac surgery patients and this information is dated 

(Albright et al., 2002; Benbensihty, et al., 2009; Morimatsu, et al., 2003).   

     5.2.2     Post-operative hour-2 hemodynamic characteristics  
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Current clinical guidelines are for a post-operative heart rate goal of 90-100 

beats/minute, to augment cardiac output Carl, et al., Garcia-Bengochea, et al., 2012).  

However, among this sample two-thirds had a heart a rate below these parameters increasing 

risks for post-operative complications.  Statin use was associated with heart rate in bivariate 

analyses, and may suggest a decrease in inflammatory response.     

Among this sample, 12.8% were hypotensive at post-operative hour-2.  Post-

operative hour-2 hypotension prevalence has not been described in the cardiac surgery 

literature, however, ‘any’ post-operative MAP < 65 mmHg prevalence ranges from 9-44% 

(Carrel, et al., 2000; Levin, 2009).  Post-operative hypotension was not associated with pre-

operative ACE-I/ARB use in this study.  These results are consistent with current literature 

(Arora, et al., 2008; Doering, Esmailian, Imperial-Perez, & Monsein, 2001).  Both of these 

hemodynamic parameter results suggest the importance of goal directd therapies to reduce 

post-operative complications.    

     5.2.3     Post-operative day-2 acute kidney injury 
 

In this study, 39 subjects (20%) had an acute kidney injury.  These results are 

consistent with current cardiac surgery estimates of 4.3-41.0% (Antunes, de Oliveira, & 

Antunes, 2009; Argalious, et al., 2010; Arora, et al., 2008; Brown, et al., 2012; Demirjian, et 

al., 2012; Kanji, et al., 2010).  All cases in this study were early mild and moderate AKIN 

staged, as would be clinically expected given the temporal measurement.  These injuries 

would also be from a primary insult rather than a secondary injury.       

     5.2.4     Post-operative CSICU and Hospital Lengths of Stay  
 

The mean length of cardiac surgery intensive care unit (CSICU) stay was 2.6 days in 

this sample. In current literature, mean length of CSICU stay for AVR patients < 79 years of 
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age is 1 + 1.7 days and 2.5 + 0.6 for those > 80 years of age (Litmathe, et al., 2011).   The 

results of this study were similar to results found in the current literature.     

Median length of hospital stay was 6 days, with a mean of 7.2 days, in this sample.  In 

comparison the average hospital length of stay among AVR patients < 79 years is 14.0 

(SD=8.5 days) and 15.2 (SD=2.7) for those > 80 years of age (Di Eusanio, et al., 2012; 

Litmathe, et al., 2011).   These comparison values are longer than clinically expected.  ICU 

length of stay is typically 25-34% of total hospitalization and varies by age category (Dasta, 

et al., 2008).  Among this sample, CSICU length of stay was 36% of the total hospitalization, 

slightly longer than literature references.   

5.3 Specific Aim 1: Examine factors influencing the postoperative use of  

            temporary epicardial pacing in cardiac surgery intensive care.  

 

     5.3.1     Epicardial pacing characteristics  
 

Pacing prevalence on CSICU admission was 27% with indications of asystole and 

bradycardia/junctional rhythms.  The literature does not cite a CSICU admission temporary 

epicardial pacing prevalence; however, initial two post-operative hours pacing prevalence 

ranges from 6-74% (Currey & Botti, 2006; Lazar, et al., 2004; Puskas et al., 2003).  Study 

results are consistent with literature estimates.  The considerable variability, of pacing 

prevalence among prior studies, is possibly a lack of precision in pacing definitions (Bethea, 

et al., 2005; van Mieghem, 2012).   For example, one study did not give a timeframe 

estimate, and another included ‘any’ pacing during the two hours.  This study chose a very 

specific point in time to increase precision for prevalence estimation, improving data quality.   

This study’s setting had a conservative approach to epicardial pacing wire placement, 

primarily using right ventricular sensed, ventricular paced and inhibited (VVI) mode.  This is 
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a dated practice and does not reflect current state of the science (Garcia-Bengochea, et al., 

2012).      

     5.3.2     CSICU Pacing Associations  
 

In bivariate analyses, aortic stenosis, female gender, age of > 75 years, CPB pacing 

and epinephrine use were associated with CSICU pacing in this study.  In multivariate 

analyses only intra-operative pacing and female gender remained statistically associated with 

any CSICU pacing during the initial 12 post-operative hours.  The association of temporary 

epicardial CPB separation pacing to CSICU pacing is similar to other studies and represents a 

continuum of care (Bethea, et al., 2005).   

Cardiovascular disease in women has taken on an increased impetus in recent practice 

and literature.  However, much of the current literature on gender differences among cardiac 

surgery patients has focused on coronary artery bypass surgical candidates.  Less is known of 

peri-operative gender-specific cardiovascular issues among AVR patients (Duncan, et al., 

2006; Fuchs, et al., 2009; Kulik, et al., 2009; Onorati, et al., 2013;  Orlowska-Baranowska, et 

al., 2012). Females were almost three times as likely to require CSICU pacing than their male 

counterparts.  Women are at increased peri and post-operative risks due to their smaller 

stature and smaller aortic annulus as compared to their male counterparts (Onorati, et al., 

2013).  These physical characteristics limit surgical accessibility and visabilty, increasing 

post-operative edema, ischemia and injury as well as complication rates.  These physical 

limitations may have contributed to the increase in post-operative temporary epicardial 

pacing seen in this study.  However, epicardial and endocardial pacing gender differences 

have not been identified in the current literature.   
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 Diabetes mellitus, left ventricular ejection fraction, and statin use have been 

associated with epicardial pacing in previous studies, but were not associated with CSICU 

pacing in this study (Bethea, et al., 2005; Garcia-Bengochea, et al., 2012). Contrary to other 

studies left ventricular ejection fraction and pre-operative conduction defects were not 

associated with post-operative hour-2 heart rate and CSICU epicardial pacing in this study 

(Bethea, et al., 2005; Dawkins, et al, 2008; Garcia-Bengochea, et al., 2012).  This may be 

related to the frequent inotrope use in this study’s setting, as dobutamine also has both 

chronotropic effects.   In this sample, epinephrine was used less frequently at CPB separation 

than dobutamine; however a statistically significant percentage of epinephrine users were 

CSICU paced.  These results may be a proxy for more hemodynamic instability and 

myocardial dysfunction.  

5.4 Aim 2 a Determine if there is a relationship between the use of epicardial pacing 

and hemodynamic support on outcomes (renal status). 

 

     5.4.1     Post-operative day-1 cardiovascular support  
 

This is the first study to examine the influence of pacing as well as hemodynamic 

support together.  Prior research has focused on one intervention either pacing or inotrope 

use (Ahmed, et al., 2009; Bethea, et al., 2005; Dawkins, et al, 2008; Garcia-Benogochea, et 

al., 2012; Nielsen, et al., 2011).  This was a novel approach to assess these parameters.  

More subjects were on ‘any’ vasopressor support on post-operative day-1 than on 

CSICU admission in this sample.  These results suggest conservative fluid resuscitation to 

less than optimal euvolemic state.  The benefits or risks of this fluid restrictive practice have 

not been addressed in the current literature.  Current clinical guidelines recommend fluid 

resuscitation to euvolemia in the immediate post-operative period, but do not address post-

operative day-1 when intra-vascular volume shifts are pervasive (Carl, et al., 2010).    
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     5.4.2     Post-operative day-2 serum creatinine analysis 
 

Pre-operative serum creatinine and female gender were associated with post-operative 

day-2 serum creatinine in bivariate analyses but, the association of female gender and post-

operative day-2 serum creatinine did not sustain for multivariate analyses.  This is a 

surprising finding, as serum creatinine is influenced by muscle mass, which has a gender 

bias.  The association of pre-operative serum creatinine to post-operative serum creatinine is 

consistent with other studies (Aronson, et al., 2007; Demirjian, et al., 2012; Gaudino, et al., 

2007; Morimatsu, et al., 2003).  

     5.4.3     Post-operative day-2 acute kidney injury (AKI) analysis 
 

This study provides further support that patients with pre-operative chronic renal 

dysfunction are at increased risks for a post-operative AKI (Antunes, de Oliveira, & Antunes, 

2009; Aronson et al., 2007; Brown et al., 2012; Demirjian et al., 2012; Gaudino et al., 2007; 

Huen et al., 2012; Morimatsu, et al., 2003; O’Brien et al., 2009; Parolari et al., 2012; Shahin 

et al., 2011).  Other studies have found diabetes mellitus, ejection fraction, ACE-I/ARB use 

and cardiopulmonary bypass time, associated with AKI; although, this study did not 

(Argalious, et al., 2010; Arora, et al., 2008; Brown, et al., 2012; Demirjian, et al., 2012; 

Kanji, et al., 2010).  Possible reasons for this discrepancy are: insensitive measures of 

diabetes mellitus, ejection fraction and CPB.  Perhaps, pre-operative Hgb A1C biomarker 

may have been a more sensitive indicator for diabetes mellitus; however, Hgb A1c was not 

routinely checked during this study’s timeframe.  Ejection fraction and cardiopulmonary 

bypass time have had both mixed associations with AKI in the literature and categorization 

of these items may contribute to these differences (Aora, et al., 2008; Aronson et al., 2007; 

Shahin, et al., 2011).   
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Few studies have examined associations of hemodynamic support and AKI, and the 

available studies have mixed samples of cardiac patients. A large retrospective cohort study 

among 1,326 cardiac surgery patients, found using inotropes for longer than three hours was 

associated with an increase in AKI as compared to patients not receiving post-operative 

inotropes (Shahin et al., 2011).  However, this sample contained both coronary artery bypass 

grafting (CABG) patients (69%) and other surgical patients (31%).  CABG patients have 

high post-operative risks for myocardial ischemia from endothelial dysfunction, coronary 

artery spasms and inotrope induced increased post-operative oxygen consumption.  This 

oxygen deficit is especially detrimental among patients with obstructive coronary artery 

disease after CPB and results in further diminished myocardial contractility (Parissis, et al., 

2010; Shahin, et al., 2011).  Post-operative low cardiac output has been associated with AKI.  

This sample consists of non-obstructive coronary artery disease patients.  Difference in 

samples may account for the variation in inotrope use and AKI associations between studies.  

Furthermore, differences between sample risks highlight research and clinical non-

equivalences among cardiac surgery patients.   

AKIN Stage-3 injuries are rare occurrences among post-operative cardiac surgery 

patients with estimates of 0.01-5% in current literature (Antunes, de Oliveira, & Antunes, 

2009; Argalious, et al., 2010; Arora, et al., 2008; Brown, et al., 2012; Demirjian, et al., 2012; 

Kanji, et al., 2010).  This study had no AKIN Stage-3 cases.  The measurement of post-

operative serum creatinine at 48 hours may have been too early to capture Stage-3 cases; 

however, post-operative day-3 serum creatinine levels are not consistently drawn.  Longer 

post-operative timeframes could also suggest a secondary injury rather than a primary renal 

insult, this study captured.    
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5.5 Aim 2 b Determine if there is a relationship between the use of epicardial pacing 

and hemodynamic support on outcomes (length of stay). 

 

     5.5.1     Prolonged CSICU length of stay  
 

Most post-operative scoring assessments for ICU length of stay have primarily 

examined pre-operative co-morbidities and negated care delivery and post-operative 

occurrences (Doer, et al, 2011; Higgins, 1997). Prolonged CSICU length of stay was also 

statistically associated with demographics of female gender and advanced age > 75 years.  

Prolonged CSICU length of stay was not statistically associated with diabetes mellitus, 

ejection fraction > 40%, QRS duration, statin or ACE-I/ARB use, or CPB time, unlike 

previous studies (Eltheni, et al., 2012; Gaudino, et al., 2007; Ghotkar, et al., 2006; Hassan, et 

al., 2012; Lawrence, et al., 2000).   

This is the first study to use a collective cardiovascular measure of epicardial pacing 

and hemodynamic support to explore a prolonged length of CSICU stay > 4 days.  A final 

parsimonious model concluded prolonged cardiovascular support and post-operative hour-2 

MAP reflects the importance of care delivery as a key contributor to a prolonged CSCIU stay 

> 4 days in this sample.  These analyses are novel and current literature does not contain 

comparable studies. 

     5.5.2     Prolonged hospital length of stay analysis  
 

Prolonged hospital length of stay was defined as a stay greater than seven days and 

was statistically associated with pre-operative chronic kidney disease, hour-2 MAP < 65 

mmHg,  CSICU length of stay > 4 days and age > 75 years in bivariate analyses.    Prolonged 

hospital length of stay was not statistically associated with diabetes mellitus, ejection fraction 

> 40%, QRS duration, statin or ACE-I/ARB use, and CPB time, female gender or race.  

Prolonged post-operative day-1 cardiovascular support levels were statistically associated 
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with prolonged hospital length of stay when entered independently and remained significant 

until pre-operative serum creatinine was entered into the equation; however, once post-

operative hour-2 hypotension and CSICU length of stay > 4 days were entered into the 

regression equation, prolonged cardiovascular support was no longer statistically associated 

with prolonged hospital stay.  A prolonged CSICU stay may be a proxy for post-operative 

hemodynamic stability, in this analysis.  Others have found intra-operative characteristics 

(surgical urgency, and procedure) to be associated with prolonged hospital stay, however in 

this study the eligibly criteria negated these confounding factors (O’Brien, et al., 2008).   

Advanced age has had two primary definitions in the literature, > 70 years and > 80 

years (Barreiro, et al., 2005; Bossone, et al., 2007; Collart, et al., 2005; DiEusanio, et al., 

2011; Henry, et al., 2011; Litmathe, et al., 2011; Vasques, et al., 2012).  This study explored 

age dichotomized at 75 years with prolonged hospital stay > 7 days.  Advanced age was 

associated with post-operative resource utilization, including lengths of stay in CSICU and 

hospital.  Age has had mixed associations with post-operative outcomes of inotrope use, 

endocardial pacing, prolonged ICU and hospital length of stays in current literature (Bossone, 

et al., 2005; Di Eusanio, et al., 2012; Eltheni, et al., 2012; Koplan, et al., 2003; Schurr, et al., 

2010).  This inconsistency in prior studies may be suggesting an unmeasured factor.  Perhaps 

it is not age, but medical and physical frailties such as a decreased ejection fraction, muscle 

wasting and activity intolerance that are associated with post-operative resource utilization 

by increasing inotrope, ICU bed use and hospital length of stay (Doerr et al., 2001; Ettema, et 

al., 2010).  Physical frailty increases post-operative needs for rehabilitation, prolonging 

hospital stays, increasing post-operative morbidity and decreasing quality of life (Bagnall, et 

al., 2013).  Physical fragility is seldom assessed in either the literature or clinical practice; 
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however, as a pre-operative assessment tool in conjugation with current risk assessment 

strategies, may provide additional insights into post-operative risks (Bagnall, et al., 2013).   

5.6  Study Limitations and Strengths 

Inherent in all research studies are limitations that arise from study design, sampling 

plan, and setting, as well as construct measurement and statistical inference.  This section 

presents this study’s limitations.      

     5.6.1     Research Design 
 

This retrospective descriptive study used chart reviews to explore associations among 

cardiovascular interventions and post-operative hospital course among a cohort of AVR 

subjects.  Given the retrospective observational design associations could be related to 

confounding unmeasured factors, such as severity of illness in this study (Shahin, 

deVarennes, Tse, Amarica, & Dial, 2011).  However, physiologic states were assessed in 

several ways-by history, biomarkers, vital signs and cardiovascular support as a proxy for 

illness severity.  While, most studies explore two of the three operative periods during an 

index hospitalization, this study explored pre, intra and post-operative characteristics 

(Doering, 2001; Shahin, deVarennes, Tse, Amarica, & Dial, 2011).  Other limitations of chart 

reviews are missing information and changes in practices over time, (Gearing, 2006).  

Extensive chart reviews limited missing values to less than 4% and only one chart had 

missing flow sheets.  AVR surgical procedure is an established surgical technique, the 

variability stems from post-operative care, which is a focus of this study.   

     5.6.2     Sample  
 

A non-probability convenience sample from a single cardiac center was used for this 

study.  Convenience sampling limits generalizability of study results to similar patients from 
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similar hospital settings. This sample represents the current population seeking AVR 

procedures, in the Baltimore area.     

     5.6.3     Setting  
 

This study obtained data from a single tertiary care medical center with their inherent 

biases, including patient selection, surgical techniques and post-operative care. This center 

has high surgical volumes, which may have improved outcomes and lower post-operative 

morbidity and resource utilization rates.  Current state of the art surgical care delivery is 

transitioning from a volume to a value paradigm, minimizing this center’s clinical advantage.  

Technological pacing modalities, such as biventricular pacing, are not embraced or 

frequently used in this setting, creating biases towards a conservative pacing regime.  

Patients requiring epicardial pacing could not be transferred to the telemetry unit until they 

were no longer cardiac pace maker dependent.  This institution liberally starts inotropic 

medications specifically dobutamine, but frequently at a conservative dose.   Furthermore, 

dobutamine has chronotropic effects possibly reducing the number of patients requiring 

temporary epicardial pacing.  This medical center has a large CSICU unit and typically bed 

availability is not a pressing concern.  This CSICU bed availability may have increased the 

length of stay for clinically marginal patients.  This setting also has an aggressive post-

operative permanent cardiac pacemaker implantation advocacy and may have limited pacing 

wire duration, length of CSICU and hospital stays.   

     5.6.4     Data Measurement  
 

This study had novel constructs and as such limitations can result in exclusion of 

factors and sub-opetimal level of measures.  Fluid volume resuscitation to euvolemia is 

critical to avoid tissue-oxygen debt in the immediate post-operative period (McKendry, et al., 

2004; St. Andre & DelRossi, 2005).  This study did not explore associations of fluid 
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resuscitation with cardiovascular interventions and post-operative hospital course.  

Additional surgical details such as valve implant types were not measured and not feasible 

for this study.   

Acute kidney injury measurement and definitions have undergone revisions in an 

attempt to standardize data (Hudson, et al., 2008).  This study measured acute kidney injury 

on post-operative day-2 using serum creatinine. While serum creatinine is a clinically 

relevant measure, it is an insensitive biomarker occurring 48-72 hours after acute kidney 

injury.  However, standard functional testing, such as glomerular filtration rates is unable to 

be used among post-operative cardiac surgery patients due to fluid shits from the intra-

vascular to the extra-cellular spaces.  Therefore, serum creatinine was the best available 

measure, despite underestimating acute kidney injury among patients with lower muscle 

mass.  In this study, late returning OR cases would not have a full 48-72 post-operative hours 

for serum creatinine value changes.  Both of these cases would underestimate AKI 

prevalence in this study.  However, more rapid renal biomarkers, such as NGAL, I-18, KIM 

and Cystatin, and post-operative day-3 serum creatinines are not routinely measured in post-

operative cardiac surgery patients.   

     5.6.5     Statistical Inference  
 

Clinical results group together, for example left ventricular ejection fraction as 40-

45% or > 50% and as a result, data must be aggregated for statistical testing.  While non-

parametric testing is not as statistically powerful as parametric testing, it was required for 

data analyses in this study.  Additionally, if statistical significance is found with non-

parametric testing then results have impetus.   
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Establishing definitions for dichotomous outcomes in a relatively small study, such as 

this one, are difficult.  This was a consideration for subgroup analyses of AKI (n=39) and 

prolonged CSICU length of stay > 4 days (n=38).  It was not feasible to increase sample size 

or effect size and a priori alpha was set at p=.05.  Therefore, parsimonious modeling was 

used with a 15:1 ratio of subjects to antecedents to prevent committing a type I error or 

rejecting a null hypothesis that is true.  

5.7  Applicability of Conceptual Framework  

Conceptual models are important to highlight themes relevant to a discipline (Curley, 

1998).  A framework must also organize concepts and constructs across complex timeframes.  

Donabedian’s theoretical framework of antecedents, process and health outcomes was used 

for this study.  Donebedian’s model has a linear approach; however, patient care is a complex 

dynamic process of interventions, evaluations and outcome assessments, creating a circular 

pattern.  For example in this sample, constructs could be either an outcome or associated 

factor based on timing (e.g. CSICU length of stay).   

The American Association of Critical Care Nurses (AACCN) Synergy model 

examines nurses’ contributions to patient outcomes.  These contributions directly impact 

organizational successes (Reed, Cline, & Kerfoot, 2007; Relf & Kaplow, 2005).  The 

Synergy model presents a circular pattern of physiological responses and treatment 

evaluations (Reed, Cline, & Kerfoot, 2007; Relf & Kaplow, 2005).  This study examined 

post-operative care across multiple timeframes of an index event, and the Synergy model 

may have been too narrow a focus to organize study constructs. This study is the first to 

describe associations between cardiovascular interventions and post-operative outcomes, 



95 
 

future integration of these two conceptual models (e.g. Donabedian’s and AACN’s Synergy) 

in research will illuminate nurses’ contributory actions.   

5.8  Study Strengths 

Despite the described limitations, this study has several strengths.   Cardiac surgery 

research has primarily focused on pre-operative risk stratification and surgical techniques 

using data registries and clinical trials.  This study is one of the first to focus on 

cardiovascular care, post-operative outcomes and resource utilization as a global indicator of 

‘event free’ procedures (Rescigno, et al., 2012).   

Cardiovascular interventions were homogenous during this study and delivered per 

institutional routines and protocols.  These protocols remained constant thorough out this 

study.  Five tenured cardiac surgeons performed the surgical procedures over the five-year 

time frame.  Organization, format and documentation of patient information remained 

consistent during data collection.  The single exception was computerization of anesthesia 

records during the study’s final year.  This transition enhanced data acquisition.  Multiple 

item definitions were standardized to national datasets, such as the Society of Thoracic 

Surgeons; enabling comparisons with other samples (Brown, 2010).   

5.9 Nursing Implications  

Other studies have examined nurse staffing levels and decision making on patient 

outcomes (Currey, & Botti, 2003; van den Heede, et al, 2009).  This study provides data on 

associations of selected pre and intra-operative risk factors, cardiovascular interventions and 

post-operative morbidity, and resource utilization among isolated elective aortic valve 

replacement patients.  Much of the current cardiac surgery literature has focused on pre-

operative risk identification, but excluding peri- and post-operative events provides little 
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clinical practice guidance for patient outcomes and ICU clinical performance (Higgins, 

2007).  Post-operative management strategies have as much variability as surgeons and 

critical care teams with many ‘sacred cows’ (Makic, VonRueden, Rauen, & Chadwick, 

2011).  These engrained practice habits of cardiac pacing and hemodynamic therapies are 

considered routine and beyond dispute; however, frequently have not been examined or 

supported in literature.  The clinical paradigm of repetition yielding competency is shifting to 

an evidence based approach that integrates best available research coupled with clinical 

expertise to deliver care (Antunes, de Oliveira, & Antunes, 2009; Malloch & Porter-

O’Grady, 2006).  Data from this study can educate and inform practice ultimately enhancing 

patient safety.  However, changing practice behavior is difficult and requires both local and 

systemic integration.  This incorporation can be as seamless as handing the preferred pacing 

wires (atrial) to leading an evidence based practice multidisciplinary approach.  Nurses are 

well-positioned for both patient advocacy approaches.     

The critical care nurse is central to the synthesis and communication of clinical 

observations.  Risk identification and treatment strategies can be postulated from this study’s 

data.  For example, patients with aortic stenosis or those requiring pacing at CPB separation 

are more likely to require CSICU pacing than patients with aortic regurgitation or those not 

paced at CPB separation.  Therefore, patients with aortic stenosis must be connected to an 

external pulse generator in the immediate post-operative period for safety. Temporary 

epicardial pacing to a goal heart rate of 90-100 beats/minute has hemodynamic benefits in the 

immediate post-operative timeframe (Bojar, 2003; Ahmed et al., 2009; Higgins, 1999; St. 

Andre & DelRossi, 2005; Shahul, Dudick, & Lisbon, 2012).  This study provides data that 

one-third of post-operative patients have a sub-optimal heart rate of < 80 beats/minute.  
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These patients would benefit from epicardial atrial pacing at a rate of the 90 beats/ minute in 

the immediate post-operative period to optimize tissue perfusion and stabilize 

hemodynamics.  

Despite current research of increased electro-mechanical synchronicity with post-

operative atrial pacing, the majority (96.8%) of this sample were ventricular paced (Garcia-

Bengochea, et al., 2012).  These results are consistent with another early non-biventricular 

pacing study; however, this practice is dated and provides fewer clinical hemodynamic 

benefits than atrial only pacing (Garcia-Bengochea, et al., 2012; Haddadin & Faraday, 2007; 

Shahul, Dudick, & Lisbon, 2012).  Nurses can advocate for their patients by openly 

discussing risks and benefits of atrial pacing as compared to right ventricular only pacing.    

This study highlights the importance of hemodynamic stabilization to a MAP > 65 

mmHg by post-operative hour-2.  Failure to obtain this MAP goal is associated with 

increased length of stays in both CSICU and hospital.  More subjects required vasopressor 

support at 7 a.m. on post-operative day-1 than on CSICU admission.  This may be related to 

conservative post-operative fluid resuscitation efforts and management.  Adequate fluid 

resuscitation protects tissue and prevents organ ischemia and injury from oxygen debt by 

increasing cellular perfusion.  Goal directed therapy has been adopted and used more 

effectively in other countries such as Germany and Australia (Carl et al., 2010).  These 

practices could and should be used more readily in the US to optimize patient outcomes and 

reduce post-operative risks.    

Over two-third of patients in this sample were started on inotropes at CPB separation.  

Myocardial ischemia and stunning typically lasts 4-6 post-operative hours.  Dobutamine 

infusions remained infusing by 7 a.m. of post-operative day-1among 61% of subjects, in this 
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study.  Dobutamine could be successfully weaned earlier reducing length of CSICU and 

hospital stays as well as increase patient mobility.        

5.10  Research Implications 

This study contends that age is an independent factor significantly associated with 

resource consumption.  However, additional components of physical reserve, functional 

capacity and medical frailty is not being assessed pre-operatively to risk stratify patients.  

This assessment could reduce post-operative complications.  Studies examining feasibility, 

predictability and applicability of six-minute walk test would inform practice to suggest best 

treatment options including endovascular or surgical interventions.   

Post-operative cardiac care optimizes cardiovascular function through use of pacing 

and hemodynamic supports (Bojar, 2003; Ahmed et al., 2009; Higgins, 1999; St. Andre & 

DelRossi, 2005).  This descriptive study provides evidence that patients with post-operative 

hour-2 hypotension have increased resource utilization including pacer wire duration and 

length of stays in both CSICU and hospital.  However, origin of post-operative hour-2 

hypotension was not established or effective management strategies.  Cardiac surgery has 

adopted conservative intravenous fluid volume resuscitation to prevent volume migration 

into extra-vascular spaces e.g. extra-pleural space. However, this paradigm has not been 

substantiated in the literature and may be sub-optimal therapy.  Future studies of post-

operative cardiovascular interventions should investigate definitive post-operative care 

strategies using a goal directed approach of fluid resuscitation, and vasopressor and inotrope 

usage with post-operative morbidity and resource utilization.   

In this study, timing of cardiovascular support was related to specific outcomes.  For 

example, CSICU inotropic use was associated with post-operative day-2 serum creatinine 
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but, post-operative day-1 cardiovascular support was not associated with post-operative day-

2 serum creatinine.   Examining specificity of cardiovascular support would require a large 

sample; however, this information could further identify intra and post-operative risk periods 

and suggest treatment strategies.   

Improved renal function was identified in a small subsample of this study.  While 

sample size of these subjects was insufficient for analyses this is an interesting phenomenon.  

Improved post-operative day-2 creatinine can be postulated a result of improved intra-

operative CPB perfusion gradients and post-operative left ventricular functioning.  In a larger 

study, associations among a group of subjects with improved renal function may provide 

clinical guidance.  However, such a study would necessitate a prolonged follow-up extending 

over several months and currently does not exist in the literature.    

As previously discussed, gender differences have only begun to be explored among 

cardiac surgery patients and the focus has been on coronary artery bypass surgical (CABG) 

candidates.  However, post-operative gender differences have been noted among female 

AVR procedures with an increase in 30-day mortality and blood product transfusion rates as 

compared to their male counterparts (Onorati, et al., 2013).  The contribution of pre-operative 

co-morbidities has not been well-defined among AVR female patients and gender-specific 

interaction effects have not been studied (Orlowska-Baranowska, et al., 2012).  As the 

population continues to age, the number of AVR procedures increase the imperative will be 

to better understand this vulnerable sub-group to optimize post-operative care, reducing 

mortality and morbidity.    
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5.11  Summary  

In conclusion, degenerative aortic valve disorders frequencies increase as a 

population ages.  Aortic valve replacement patients are a complex high risk population.   This 

study contends: pre-operative assessment is lacking in understanding patient’s physical 

reserve; quality post-operative cardiovascular care should use a goal directed approach and 

all cardiac surgery literature is not equivalent.  Physical capacity must be assessed pre-

operative to guide patients to the best treatment regime.  Quality post-operative care practices 

yields quality outcomes, enhances patient safety and reduces resource utilization.  However, 

post-operative patient management has considerable variability, despite influential 

organizations advocating for changes.  Post-operative cardiac surgical care and literature are 

not equivalent across surgical groups.  Coronary artery bypasses grafting patients do not 

require the same treatment nor have the same risks as AVR patients and should not have the 

same care.  

In summary, this study explored associations among selected antecedents, 

cardiovascular interventions and post-operative hospital course.  Study outcomes included 

epicardial pacing, AKI, prolonged duration of pacing wires and lengths of stay.  An adopted 

model of Donabedian’s theoretical framework provided guidance; however, this model had a 

linear approach for a dynamic process.  Epicardial pacing in the CSICU was associated with 

CPB separation pacing and gender.  This study did not provide new information on acute 

kidney injury, but study findings did support associations with pre-operative serum 

creatinine.  Prolonged CSICU length of stay was associated with post-operative day-1 

cardiovascular supports after controlling for hour-2 MAP.  Prolonged hospital length of stay 

was also associated with post-operative day-1 cardiovascular supports until prolonged 
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CSICU length of stay was added to the regression equation.  Then, post-operative day-1 

cardiovascular support was no longer associated with hospital length of stay > 7 days.  Future 

research should focus on thorough pre-operative physical assessment for risk reduction 

among advanced age patients and optimal post-operative cardiovascular management.  
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APPENDIX B  

POST-OP AVR HEMODYNAMICS 
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APPENDIX C 

POST-OPERATIVE HOSPITAL COURSE ASSOCIATION 

 

Methodology of Reviewed Studies  

This review focuses on 38 articles (18 medical chart reviews, 10 secondary data, 6 

prospective cohort studies, and 4 meta analyses) found via searches in Pub Med.  Key words 

used for these searches were ‘aortic valve surgical replacement, hemodynamics, acute kidney 

injury, intensive care and hospital length of stay’.  Risk factors search included 

‘cardiopulmonary bypass, vasopressor, inotropic support, and epicardial pacing’.  Table 2.1 

provides a summary of research designs and sample characteristics of studies included in this 

literature review.  The article number found in this table is the citation link to the articles 

providing evidence for tables 2.2-2.10.   

The majority of studies (n=19) included valvular cases with sample sizes ranging 

from 57-4,831 cardiac surgery patients.  Nine studies included isolated aortic valve surgical 

cases, three studies were valve only cases and four studies did not identify surgical 

subsamples.  Two studies provided the limited information available on intensive care length 

of stay and readmission rates were from CABG only samples.  Many of these studies came 

from a single center (n=26) and most were from sites outside of the US (n=21).  Most of the 

studies examined pre-operative risk factors; some included intra-operative factors.  However, 

few studies explored post-operative risk factors.  The largest majority of articles located were 

for associations between pre-operative characteristics and hospital length of stay (n=10).  

 

 

 

Appendix C Methodologies of reviewed studies  
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Citation Study design and 

setting  

Sample  Dependent variables 

Hour-2 Hemodynamics : Pre-operative Characteristics 

15. Carrel, et 

al., (2000) 

Prospective clinical 

trial  

-single US hospital 

800 surgical cases 

(subsets % not 

described)    

Vasoplegia (overall 22%),  

Mild (14.4%) and (7.5%) 

severe 

Prolonged mean length of 

stay for severe vasoplegia 

group (8.9 vs. 11.5 days) 

Acute Kidney Injury: Pre-operative Characteristics 

5. Brown, et 

al., (2012) 

Retrospective 

medical chart review  

-single US hospital  

4,831 surgical 

cases  

17% valve  

12% CABG 

+valve  

39% developed acute 

kidney injury Median 

duration of injury 3 days 

(1+ 108)  

16. Arora, et 

al., (2008) 

Retrospective 

medical chart review  

-2 US hospitals   

1,358 surgical 

cases including 

CABG, Valve 

and CABG/valve  

(% not described)    

Prevalence 40.2%   

ACE-I/ARB use 27.6% 

increased risk  

17.Argalious, 

et al., (2010) 

Secondary data 

analysis Registry of 

Cardiothoracic 

Anesthesia Patients 

10,648 surgical 

cases 

39% valve 

(n=4,200)  

Incidence 12.1% using 

RIFLE 

18. Fedoruk,
 

et al., (2008) 

Secondary data 

analysis  

Society of Thoracic 

Surgeons  

-single US hospital 

447 valve cases 

63% aortic 

procedures   

Renal dysfunction (twice 

the pre-operative level)  

Statin group (8, 3.9%) vs.  

Non-statin group (14, 

5.7%) 

Acute Kidney Injury: Intra-operative Characteristics 

20.Demirjian 

et al., (2012) 

Prospective cohort 

observational  

-single US hospital  

25,898 surgical 

cases 32% isolated 

valve (n=8,188)  

19% CABG + 

valve procedures  

(n=4,923) 

1-doubling of baseline 

serum creatinine (4.3%) 

2-Dialysis dependent AKI 

(1.7%) 

21. Huen, et 

al., (2012) 

Meta analysis  7 predictive 

models   

1-doubling of baseline 

serum creatinine  

2-Dialysis dependent 

acute kidney injury  

2. Kanji, et 

al., 

(2010) 

Prospective cohort 

observational 

-single Canadian 

hospital  

200 ‘High risk’ 

surgical cases  

48% CABG,  

52% valve  

procedures  

Incidence 41% using 

RIFLE 

Acute Kidney Injury: Hemodynamics and Support 



107 
 

Citation Study design and 

setting  

Sample  Dependent variables 

1.Morimatsu,  

et al., (2003)
 

Retrospective 

medical chart review   

-single Australian 

hospital 

200 surgical cases  

67% CABG,  

33% valve 

procedures 

Serum Creatinine on day 2 

7. Aronson, 

et al.,  (2007) 

Secondary data 

analysis 

-70 international 

hospitals 

2,420 CABG cases Acute renal dysfunction 

(3.1%) and failure (2.8%) 

19. Shahin, 

et al., (2011) 

Retrospective 

medical chart review  

-2 Canadian hospitals 

1,314 surgical 

cases 

 32%  valve 

procedures   

Renal dysfunction (twice 

the pre-operative 

creatinine level in first 5 

days post-operative or 

required renal replacement 

therapy) 

 Overall 8.3%; No 

Inotropic use 3.2%;  

Inotrope use 16.8%
  

 

 

Acute Kidney Injury: Post-operative Characteristics 

29. Parolari, 

et al., (2012) 

Observational 

retrospective cohort 

-single Italian 

hospital  

3,219 

consecutive 

surgical cases  

29% valve 

surgeries 

Acute kidney injury (8.9%) 

 10 fold increase in-hospital 

mortality for cases with 

acute kidney injury  

ICU Length of Stay : Pre-operative Characteristics 

4. Gaudino, 

et al., (2007) 

Prospective cohort 

observational study  

-single Italian 

hospital 

57 surgical cases 

with prolonged 

ICU stay >10 days 

(subset % not 

described)    

Mean 34 (sd 9) range 11-

141 days  

84 month Survival (22%) 

Of the survivors 4 

regained full 

autonomy/lifestyle (31%)  

6. Nilsson, et 

al., (2004) 

Retrospective 

medical chart review  

-single Swedish 

hospital 

3,404 surgical 

cases  

21% valve 

procedures   

ICU length of stay: 

 >1 day (25.4%); >2 days 

(13.7%)  

9. Lawrence, 

et al., (2000) 

Retrospective 

medical chart review    

-single United 

Kingdom hospital 

5,591 surgical 

cases  

15% valve 

procedures   

Prolonged ICU length of 

stay > 24 hours (9.2%) 
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Citation Study design and 

setting  

Sample  Dependent variables 

10. Kogan, et 

al., (2003) 

 

Prospective 

observational  

-single Israeli 

hospital 

 

1,613 surgical 

cases  

19% valve  

ICU readmission rate 

3.3%: 43% from 

pulmonary complications; 

13% arrhythmias 

Associated prolonged ICU 

confinement and mortality  

13. Xu, et al., 

(2006) 

Retrospective 

medical chart review  

-single Chinese 

hospital 

507 valve surgical 

cases 

Mean ICU LOS 

(3.27+2.84 days) 

Prolonged ICU length of 

stay:  >5 days (9.2%) 

14. Wang, et 

al., (2012) 

Retrospective 

medical chart review  

-single Chinese 

hospital 

3,925 valve 

surgical cases 

Prolonged ICU length of 

stay >5 days (12.5%) 

 

ICU Length of Stay : Intra-operative Characteristics 

11. Ghotkar, 

et al., (2006) 

Retrospective 

medical chart review  

-single United 

Kingdom hospital  

5,186 CABG cases Initial ICU admission 

prolonged length of stay 

>3 days (9.2%) 

8. Hassan, et 

al., (2012) 

Secondary data 

analysis of Society 

of Thoracic 

Surgeons data 

-single US hospital 

3,478 surgical cases 

27% valve 

procedures  

(n=942)   

Prolonged ICU stay >3 

days (3.9%) 

In-hospital mortality: 

37.2% prolonged ICU vs. 

1.7% non-pro-longed ICU 

12. Doering, 

et al.,(2001) 

Retrospective 

medical chart review  

-single US hospital 

109 CABG cases ICU Length of stay (0.5-

15.7 days)  

26.Khoshbin, 

et al., (2011) 

 

Meta-analysis of 

randomized clinical 

trials  

4 research trials 

with a combined 

220 isolated AVR 

cases  

ICU Length of stay  

 

28. Eltheni, 

et al., (2012) 

Observational cohort 

study   

–single Greek 

hospital 

150 consecutive 

surgical cases 

27% valve 

surgeries  

ICU Length of stay: 

 < 2 days (51%)  

 > 2 days (49%)   
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Citation Study design and 

setting  

Sample  Dependent variables 

31. Vohra, et 

al., (2004) 

Retrospective chart 

review  

-single United 

Kingdom hospital  

7,717 surgical cases 

including CABG, 

valve and 

CABG/valve 

(subsets not 

described)   

 

ICU return rate AVR 

cases (3.9%) 

Mean number of days for 

ICU return: 

 6.6 (sd=8.4) 

Causes: Respiratory 

failure/intubation (54.9%) 

Cardiovascular instability 

(23.1%) (dysrhythmias 

and heart failure); Renal 

failure (6.6%); Sepsis 

(1.1%)  

ICU Length of Stay : Hemodynamics and Hemodynamic Support 

15. Carrel, et 

al., (2000) 

Prospective clinical 

trial  

-single US hospital 

800 surgical cases 

 (subsets % not 

described)    

Prolonged mean ICU 

length of stay for severe 

vasoplegia group vs. 

others 1.6 vs. 2.9 days 

27. Morales, 

et al., (2003) 

Randomized clinical 

trial 

-single US hospital 

33 surgical cases 

including CABG, 

valve and 

CABG/valve 

(subsets not 

described)    

ICU Length of stay: 

Vasopressin group 1.2 + 

0.4 days vs. Placebo 2.1 + 

1.4 days 

Vasopressin group 

required less 

Norepinephrine support 

(verse placebo) 

30. Pölönen, 

et al., (2000) 

Randomized clinical 

trial 

-single Finnish 

hospital 

403 surgical cases 

including CABG, 

valve and 

CABG/valve 

(subsets not 

described)    

ICU Length of stay:  

Goal directed therapy 

median 6, range 4-64 

days) verse Control 

(median 7, range 2-93):  

Hospital  Length of stay 

(): Treatment 14 days; 

Control 28 days): 

19. Shahin, 

et al., (2011) 

Retrospective 

medical chart review  

-2 Canadian 

hospitals 

1,314 surgical cases 

32%  valve 

procedures  

(n=414) 

 

 

 

 

 

 

 

Mean length of ICU stay 

in days: 

 No Inotropic use (7) vs. 

Inotropic use (10.0)
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Citation Study design and 

setting  

Sample  Dependent variables 

ICU Length of Stay : Post-operative Characteristics 

3. Dasta, et 

al., (2008) 

Medical chart 

review &Secondary 

data analysis of 

Medical and 

Financial Retrieval 

System  

-single US hospital 

258 Cardiac 

surgery patients 

with acute kidney 

injury  

 

Overall acute kidney 

injuries increased LOS to 

3.2 with range 1.5-6.5 

days verse (controls 1.4, 

1.1-2.0) 

Minimal injury increased: 

 ICU Costs by 1.6  and 

mortality by 2.2 

Hospital Length of Stay : Pre-operative Characteristics 

32. Rescigno, 

et al., (2012) 

Retrospective 

medical chart review  

-single Italian 

hospital 

846 aortic valve 

replacement cases  

Mortality (2.9%) and 

hospital length of stay 

22. Di 

Eusanio, et 

al., (2012) 

Secondary data 

analysis of registry 

-6 Italian hospitals   

2,256 Isolated 

aortic valve 

replacement cases 

Mortality: (4.5%) 

Morbidity: Stroke (1.3%); 

Renal failure (4.9%); 

Intubation time >48 hours 

(3.4%); Complete heart 

block (4.4%) 

34. 

Helgadottir, 

et al., (2012) 

Retrospective 

medical chart review  

-single Icelandic 

hospital 

744 cardiac surgical 

cases  

No history of pre-

operative atrial 

fibrillation (AF) 

21% aortic valve 

replacement 

surgeries 

1-Longer hospital stays 

(15 vs. 10 days non-AF 

subjects) 

2-More inflammatory and 

infectious complications 

among AF group  

3-Operative mortality (5% 

AF vs. 0.7% non-AF 

subjects)  
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Citation Study design and 

setting  

Sample  Dependent variables 

23. Vasques, 

et al., (2012) 

Meta analysis of 40 

studies  

8,975 combined 

aortic valve 

replacement and 

CABG cases 

(subset % not 

described)   

subjects aged > 80 

years 

Mean length of stay:  

-ICU (5.3 days) 

-Hospital (16.9 days) 

Mortality: 

-Pooled Immediate (9.7%) 

From 2000-07 (8.2%) and 

-1982-99 (10.8%) 

Morbidity Rates:-Stroke 

(3.7%); Permanent 

Cardiac Pacemaker 

insertion (4.3%) 

Survival Rates (combined 

CABG & AVR): 

1 year (83.2%); 3 years 

(72.9%); 5 years (60.8%) 

-10 years (25.7%) 

37. Thourani, 

et al., (2011) 

Retrospective 

medical chart review  

-4 US hospitals   

159 isolated aortic 

valve replacement 

cases 

STS Predicated 

Risk of Mortality 

>10% 

  

-In-hospital mortality 

(16.4%) 

-Survival: 

*1 year 70.9%; *3 yrs 

56.8%; *5 yrs 47.4%  

Morbidity:  

-Permanent stroke (4.4%); 

-Heart block (5.0%) 

-Renal Failure requiring 

dialysis (8.2%) 

-Multi-system organ 

failure (6.9%);  

-Pneumonia (7.5%) 

Post-operative length of 

stay 12.6 (11) days 

35. Dewey, 

et al., (2008) 

Secondary data 

analysis of Society 

of Thoracic Surgeon  

registry 

-single US hospital   

638 isolated aortic 

valve replacement 

cases 

-30 day mortality  3.8% 

-4.2 (+ 2.7) year follow-

up mortality rate 19% 

25. Patti, et 

al., 

(2006) 

Randomized clinical 

trial  

-single Italian 

hospital 

200 Cardiac 

surgeries 25% 

valve + CABG 

Post-operative atrial 

fibrillation and mean 

length of hospital stay  

Treatment group (6.3 + 

1.2 days) vs. placebo (6.9 

+ 1.4 days) 
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Citation Study design and 

setting  

Sample  Dependent variables 

22. Di 

Eusanio, et 

al., (2011) 

Secondary data 

analysis of Italian 

Regional Cardiac 

Surgery Registry 

-single Italian 

hospital 

2256 primary 

isolated 

conventional  aortic 

valve replacement 

cases  

In-hospital mortality rates 

2.2%  

-3 year survival 89.3%  

24. O’Brien, 

et al., (2009) 

Data analysis of 

registry data  

-809 participating 

US hospitals  

109,759 Valve 

cases 67,292 

Isolated aortic 

valve replacement 

cases (61%) 

Mortality: In-hospital 

(3.4%) 

Morbidity: 

Acute renal failure new 

requirement for dialysis or 

doubling of baseline 

creatinine or creatinine > 

2.0 mg/dL (4.1%)  

Hospital stay:  Short < 6 

days (38.9%),  

Prolonged >14 days 

(7.9%)  

33. Bardell, 

et al., (2003) 

Secondary data 

analysis of Society 

of Thoracic Surgeon  

registry 

-single Canadian 

hospital 

2,117 CABG cases 1-ICU return rate (3.6%)  

-Most common reason 

respiratory failure 

2-mortality rates (2% for 

non- returning subjects vs. 

17% returning subjects) 

3-Median length of 

hospital stay (6 days for 

non- returning subjects vs. 

23 days returning 

subjects) 

4-Median length of ICU 

stay (1 days for non- 

returning subjects vs. 6 

days returning subjects) 

Hospital Length of Stay : Intra-operative Characteristics 

26. 

Khoshbin, et 

al., (2011) 

 

Meta-analysis of 

randomized clinical 

trials  

4 research trials 

with 220 isolated 

aortic valve 

replacement cases  

Length of stay in ICU and 

hospital  
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Citation Study design and 

setting  

Sample  Dependent variables 

36. Litmathe, 

et al., (2011) 

Retrospective 

medical chart review  

-single German 

hospital 

304 isolated aortic 

valve replacement 

cases 

Post-operative course 

-ICU length of stay 2.3 + 

0.5 days 

-Hospital length of stay 

15.3 + 2.6 days 

-In-hospital mortality rate 

5.8% 

 

38. Di 

Eusanio, et 

al., (2012)c 

Secondary data 

analysis of Italian 

Regional Cardiac 

Surgery Registry 

-single Italian 

hospital 

638 octogenarians 

with primary 

isolated 

conventional  aortic 

valve replacement 

cases 

Compared age <80 to >80 

In-hospital mortality rates 

2.0 v. 4.5%  

-Complete A-V block 2.4 

v.4.4%  

-Atrial Fibrillation 25.4 

v.33.9%  

-Renal insufficiency  1.8 

v. 3.6%  

 -Renal failure 1.1 v. 1.3%  

 -Stroke 0.6 v.1.3%  

-Intubation time > 48 

hours 2.4 v. 3.4%  

Mean length of stay (days) 

of subjects  

-ICU 2.1 v. 2.4  

-Hospital 14.2 v. 16.6  

Hospital Length of Stay : Post-operative Characteristics 

30. Pölönen, 

et al., (2000) 

Randomized clinical 

trial 

-single Finnish 

hospital 

403 surgical cases 

including CABG, 

valve and 

CABG/valve 

(subsets not 

described)    

Goal directed therapy 

median 14 days; Control 

28 days 

3. Dasta, et 

al., (2008) 

Medical chart 

review and 

Secondary data 

analysis of Medical 

and Financial 

Retrieval System  

-single US hospital 

258 Cardiac 

surgical patients 

with acute kidney 

injury  

 

AKI increased Hospital 

Length of stay to 11.0 

with range 7.0-18.0 days  

(controls 5.0, 4.0-7.0) 
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