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ABSTRACT

Although the majority of coronary artery bypass graft (CABG) surgery patients
are extubated within 6 to 8 hours following surgery, 20% to 40% of patients remain
intubated 12 hours after surgery due to dysfunctional ventilator weaning response
(DVWR). DVWR associated with increased morbidity and mortality (30% to 43%)
following CABG surgery. Finding significant antecedence to predict DVWR could help
to identify and prevent the complications from DVWR after CABG surgery. Literature
review revealed that there is an association between cardiopulmonary indicators (CPI)
and DVWR after CABG surgery. Cardiopulmonary indicators are the selected
hemodynamic parameters that have an association with DVWR. The association of CPI
with DVWR may be used to predict DVWR. Therefore, this study set out to find a
predictive model for DVWR using CPI and significant antecedence.
The purposes of this research study were to describe the characteristics of CPI
among patients with normal ventilator weaning response (NVWR) and dysfunctional
ventilator weaning response (DVWR) after coronary artery bypass graft (CABG) surgery,
to find the differences in characteristics of cardiopulmonary indicators between patients
with NVWR and DVWR after CABG surgery, and to build a prediction model for
DVWR with significant antecedence.
A retrospective case control study with time series design was utilized. An
inclusion criteria guided purposive sampling technique was used to recruit 300 subjects
from a retrospective audit of electronic medical records of patients who underwent
CABG surgery between May 2003 and February 2006. Among the 300 subjects, 100
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subjects constituted the case group and 200 constituted the control group. This study
utilized descriptive and inferential statistical analysis, which was performed through SAS
programs including PROC UNIVARIATE, PROC FREQ, PROC GLM, PROC REG,
PROC MIXED REPEATED MEASURE ANOVA, and PROC LOGISTIC.
The study included such demographic variables as age and sex and clinical
variables COPD, CHF, renal failure, number of grafts, and BSA, which were used for the
description of the study sample as well as included in the analysis as covariates. The
outcome variables of this study were DVWR and NVWR. The independent variable of
the study was CPI, which included heart rate (HR), mean arterial pressure (MAP), central
venous pressure (CVP), cardiac output (CO), respiratory rate (RR), mixed venous oxygen
saturation (SVO2), oxygen saturation (SPO2), pulmonary artery diastolic pressure (PAD)
and pulmonary artery systolic pressure (PASP). An hourly time series measurement of
selected CPI for 12 consecutive hours after CABG surgery was used to predict DVWR.
Findings revealed that several antecedence including COPD, CHF, MAP, RR, CO,
PAD, and PASP were significantly associated with DVWR. In addition, findings revealed
that the odds in favor of DVWR for patients with COPD were 5.466 times higher as
compared to patients without COPD, holding all other variables constant. The odds in
favor of DVWR for patients with CHF were 3.930 times higher than for patients without
CHF, holding all other variables constant. The odds in favor of DVWR for patients with
decrease 10mm/Hg mean MAP were 1.915 times the probability of NVWR, holding all
other variables constant. This implies that hypotension increases risk of developing
DVWR after CABG surgery. The odds in favor of DVWR for patients with decrease 5
points of mean RR were 2.978 times the probability of NVWR, holding all other
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variables constant. This implies that patients with lower RR are at risk of developing
DVWR after CABG surgery. The odds in favor of DVWR for patients with decrease in
mean CO by 2 points were 1.943 times the probability of NVWR, holding all other
variables constant. This implies that patients with low CO are at the risk of developing
DVWR after CABG surgery. The odds in favor of DVWR for patients with increase in
mean PAD by 5mm/hg were 3.640 times the probability of NVWR, holding all other
variables constant. This implies that patients with high PAD pressure are at risk of
developing DVWR after CABG surgery. The odds in favor of DVWR for patients with
decrease in mean PASP by 10mm/hg were 3.053 times the probability of NVWR,
holding all other variables constant. This implies that the patients with low PASP are at
risk of developing DVWR after CABG surgery.
In conclusion, the results of this study revealed significant antecedence to predict
DVWR after CABG surgery, including COPD, CHF, MAP, RR, CO, PAD, and PASP.
Therefore, this study concluded that the above-mentioned significant antecedence may be
used to predict DVWR after CABG surgery in critical care. The implications from the
conclusion are that the weaning protocols after CABG surgery may be tailored using
these significant predictors. In addition, the study findings imply that patients with a
history of COPD and CHF have significant risk of developing DVWR after CABG
surgery. Therefore, this researcher recommends that weaning criteria be developed
considering the above risk factors for high risk patients.
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CHAPTER 1: INTRODUCTION

Coronary artery bypass graft (CABG) surgery is one of the most common classes
of surgical procedures performed worldwide. Branca et al. (2001) reported that in the
United States, more than 500,000 CABG procedures are performed every year (1).
Recovery and stabilization of cardiopulmonary function is the major task of postoperative
intensive care following surgery. The most important component of the postoperative
intensive care services after CABG surgery includes weaning from mechanical
ventilation and hemodynamic stabilization. Advances in fast track weaning protocols
have decreased the required duration of postoperative mechanical ventilation after CABG
surgery from a few days to a few hours (2-5). Findings from recent studies reveal that the
time limits of normal ventilator weaning response (NVWR) after CABG surgery vary
from one to ten hours (1, 6-25). Most patients are extubated within 6 to 8 hours after
surgery. However, 20% to 40% of patients remain intubated 12 hours after surgery due to
dysfunctional ventilator weaning response (1, 6-25).
Dysfunctional ventilator weaning response is a major problem among
postoperative CABG patients because it is associated with increased morbidity and
mortality following CABG surgery (2, 15, 22, 26-28). The mortality related to DVWR is
reported as 30% to 43% (20, 21). It results from many complications of DVWR such as
acute respiratory distress syndrome, 10% to 15% (20, 21); multiorgan dysfunction
syndrome, 15% to 19% (20, 21); deep vein thrombosis, 10% to 12% (29-31); and
ventilator-associated pneumonia, 30% to 50% (32, 33). Other health care problems
resulting from DVWR are increased ICU length of stay and cost (8, 15, 34, 35). Early
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detection of DVWR is imperative to prevent postoperative complications and premature
weaning after CABG surgery. Finding reliable predictive factors could help in the early
detection of DVWR and might guide in planning early treatment for DVWR, and may aid
in preventing complications and premature weaning (drop this red) after CABG surgery.

Significance of the Study
Prediction of DVWR is important because it may help to guide early
identification of persons at risk for and in need of treatment to prevent DVWR.
Prediction of DVWR also can help to prevent complications related to premature
weaning trials after surgery on vulnerable patient populations. A review of literature
reveals that there is a need for studies focusing on finding the predictive factors for
DVWR. Many researchers have cited the need for studies to improve the criteria to
predict early extubation and DVWR (36-40). Some researchers have examined the
associated risk factors, readiness, feasibility, and effectiveness of early extubation (1, 625). Other researchers have focused on identifying the associated factors and
complications of early extubation failure (2, 40-45). Although many researchers have
attempted to identify the predictive factors for early extubation failure and prolonged
mechanical ventilation (PMV), which is the outcome of DVWR, no single proven
predictor is reported to be valid to predict DVWR (34, 37, 46, 47).
Although DVWR among postoperative CABG surgery patients is a critical
problem associated with many postoperative complications such as PMV, increased ICU
mortality, increased ICU length of stay, and increased ICU cost, very little has been done
to predict the DVWR in this patient population. Previous researchers have used
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traditional respiratory parameters such as tidal volume, respiratory rate, and spontaneous
minute ventilation to predict the weaning outcomes (17, 21). The findings of many
research studies reveal that traditional respiratory parameters have poor predictive value
in the weaning outcomes (17, 21). Some researchers have reported that hemodynamic
variables can be used to predict the weaning outcomes (48-50). However, the prediction
of DVWR using CPI is unexplored.
In past decades, research studies have focused on examining various weaning
protocols and found that a fast track weaning protocol can be effectively and safely
implemented among postoperative CABG patients (8, 15, 34, 35). Despite implementing
fast track weaning protocols, there is a gap in the practice of weaning postoperative
cardiac surgery patients, which is evidenced by the findings from many studies (26, 51).
Some researchers have reported that 40% of ICU time is devoted in the weaning process,
and 50% of self-extubated patients do not require reintubation (12, 52). Many research
findings reveal that traditional respiratory parameters such as tidal volume, respiratory
rate, and spontaneous minute ventilation have poor predictive value for DVWR and PMV.
In the weaning process, hemodynamic stability is a required criterion. Although
the hemodynamic stability is the prerequisite for the initiation of the weaning process,
little is known about its association with DVWR. Cardiopulmonary indicators (CPI) are
the clinical hemodynamic variables monitored through invasive and non-invasive
monitoring techniques in the ICU. The selected CPI to examine the predictive value in
this study were heart rate (HR), mean arterial pressure (MAP), central venous pressure
(CVP), cardiac output (CO), respiratory rate (RR), mixed venous oxygen saturation
(SVO2), oxygen saturation (SPO2), pulmonary artery diastolic pressure (PAD), and
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pulmonary artery systolic pressure (PASP). Changes in CPI precede the dysfunctional
ventilator weaning response. They can be readily identified through hemodynamic trends
by the bedside clinician. In addition, CPI is a sensitive and reliable clinical variable,
which may be helpful to foresee the DVWR. Therefore, this research study was
conducted to determine the values of CPI in predicting DVWR among postoperative
CABG patients.

Purposes of the Study
The purposes of this research study were the following:
1. Describe the characteristics of CPI among patients with normal ventilator weaning
response (NVWR) and dysfunctional ventilator weaning response (DVWR) after
CABG surgery.
2. Find the differences in characteristics of cardiopulmonary indicators between patients
with normal ventilator weaning response (NVWR) and dysfunctional ventilator
weaning response (DVWR) after CABG surgery.
3. Build a prediction model for dysfunctional ventilator weaning response (DVWR)
with significant antecedence.

Research Questions of the Study
This research study was guided by the following research questions in patients
after coronary artery bypass graft surgery:
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1. What are the characteristics of cardiopulmonary indicators in patients with
dysfunctional ventilator weaning response (DVWR) and normal ventilator weaning
response (NVWR)?
2. What are the differences in the characteristics of cardiopulmonary indicators in
patients with dysfunctional ventilator weaning response (DVWR) and normal
ventilator weaning response (NVWR)?
3. What is the best predictive model for dysfunctional ventilator weaning response
(DVWR)?

Assumptions
The following assumptions were made:
1. CPI are measured following a standard protocol, and they are accurate and reliable.
2. All patients in the study population underwent a standard weaning protocol.
3. The patients’ records are stored and maintained in a standard system and are,
therefore, accessible for data retrieval.
4. Clinical factors that are associated with DVWR are associated with changes in
selected CPI.

Definitions
A key concept in this study was that of cardiopulmonary indicators (CPI). These
indicators are defined as the selected hemodynamic variables recorded postoperatively in
the cardiovascular intensive care unit (CVICU) after CABG surgery. Within this study
CPI included HR, MAP, CVP, CO, RR, SVO2, SPO2, PAD, and PASP, which were
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retrieved from the electronic patient file (EPF) of postoperative CABG patients. An
electronic patient file is an electronic medical record in which the individual patient’s
information, clinical data, treatments, and outcome are recorded and maintained by the
study hospital. A definition for each CPI indicator follows:
1. Heart rate (HR). The actual numeric value of heartbeat recorded by the Spacelab
cardiac monitor and electronically transferred to the patient’s vital sign computer
charting. It is retrieved from the nursing assessment page of the EPF.
2. Mean arterial blood pressure (MAP). The actual numeric value of the MAP recorded
by Spacelab cardiac monitor through the arterial line and electronically transferred to
the patient’s vital sign computer charting. It is retrieved from the nursing assessment
page of the EPF.
3. Central venous pressure (CVP). The actual numeric value of CVP recorded through
the pulmonary artery catheter by the Spacelab cardiac monitor and electronically
transferred to the patient’s vital sign computer charting. It is retrieved from the
nursing assessment page of the EPF.
4. Cardiac output (CO). The actual numeric value of cardiac output recorded through
the pulmonary catheter by the Edwards Lifesciences SVO2 monitor and entered into
the nursing assessment page; it is retrieved from the nursing assessment page of the
EPF.
5. Respiratory rate (RR). The actual numeric value of the patient’s total ventilator rate
per minute recorded by the ventilator and entered into the nursing assessment page; it
is retrieved from the nursing assessment page of the EPF.
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6. Mixed venous oxygen saturation (SVO2). The actual numeric value of SVO2 recorded
through the pulmonary artery catheter by the Edwards Lifesciences SVO2 monitor
and entered in the nursing assessment page; it is retrieved from the nursing
assessment page of the EPF.
7. Oxygen saturation (SVO2). The actual numeric value of the SVO2 recorded by the
Spacelab cardiac monitor through a Nelcore pulse oxymetry probe and electronically
transferred to the patient’s vital sign computer charting. It is retrieved from the
nursing assessment page of the EPF.
8. Pulmonary artery diastolic pressure (PAD). The actual numeric value of PAD
recorded through the pulmonary artery catheter by the Spacelab cardiac monitor and
electronically transferred to the patient’s vital sign computer charting. It is retrieved
from the nursing assessment page of the EPF.
9. Pulmonary artery systolic pressure (PASP). The actual numeric value of PASP
recorded through the pulmonary artery catheter by the Spacelab cardiac monitor and
electronically transferred to the patient’s vital sign computer charting. It is retrieved
from the nursing assessment page of the EPF.
10. Dysfunctional ventilator weaning response (DVWR). DVWR is operationally defined
as the condition in which the patient remains on the ventilator > 8 hours after surgery.
It is identified as the ventilator setting charted after 8 hours of surgery in the nursing
assessment and nursing notes pages of the EPF.
11. Normal ventilator weaning response (NVWR). Normal ventilator weaning response is
operationally defined as the condition in which the patient is extubated and placed on
either a binasal cannula or an aerosol facemask before 8 hours after surgery. It is the
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first charted time of BiNasal cannula (BNC) or aerosol facemask (AFM) oxygen after
surgery that is recorded in the nursing assessment and nursing notes pages of the EPF.

Limitations
Although utilizing a retrospective study design was suitable and appropriate for
the research problem, this design has both strengths and limitations. The readily available
data is a strength for the study, as it prevents a data collection bias and helps to reveal
existing relationships as they are dictated by the available data. However, this design
does not exhibit the examination of cause and effect relationships between the study
variables.
Another limitation of this research study was that the researcher had no control
over the completeness of the available data. Completeness and accuracy of the available
data are two critical elements to consider in this design. Data extraction is another step
where there is possibility of data error. A systemic chart extraction format and counter
verification with another peer in the discipline controlled the accuracy of the data
extraction.
The generalizability of the study’s findings is limited because it is a single site
study. This study finding is limited to adult postoperative CABG patients and is not
applicable to pediatric population or any other postoperative adult patients.
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CHAPTER 2: REVIEW OF LITERATURE

This review of literature involved analysis of past research literature utilizing
Medline (CSA) and PubMed (NLM) search engines via the Endnote program. Literature
related to the research problem, involving various disciplines and perspectives of the
research problem, was included in this research study. It is organized under headings
such as Definition of DVWR, Defining Characteristics of DVWR, Prevalence and Risk
Factors, Prediction in Prevention of DVWR, Cardiopulmonary Indicators in Prediction of
DVWR, and Conceptual Framework. The literature in the conceptual framework included
these topics: DVWR, CPI, perioperative risk factors of CABG surgery, ventilator
weaning after CABG surgery, cardiopulmonary monitoring after CABG surgery, and
mechanical ventilation after CABG surgery.

Definition of Dysfunctional Ventilator Weaning Response
Dysfunctional ventilator weaning response (DVWR) is defined as an "inability to
adjust to lowered levels of mechanical ventilator support that interrupts and prolongs the
weaning process" (17, 20, 21, 55, 56). Dysfunctional ventilator weaning response is a
major problem among postoperative CABG patients. It is associated with a lethal
complication known as prolonged mechanical ventilation (PMV). Prolonged mechanical
ventilation is defined as a condition in which the postoperative CABG patient is unable to
be extubated at 24 hours after surgery and needs mechanical ventilation support more
than 24 hours (55, 56).
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Defining Characteristics of Dysfunctional Ventilator Weaning Response
The defining characteristics of DVWR depend upon the severity of the condition.
It can be mild, moderate, or severe. The majority of the defining characteristics include
alteration in hemodynamic clinical data, which can be measured objectively. The signs
and symptoms of mild DVWR include slight increased respiratory rate (RR) from the
baseline and excessive use of respiratory muscles. The signs and symptoms of moderate
DVWR include increase in blood pressure, increase in heart rate, increase in respiratory
rate, mild cyanosis, decrease in oxygen saturation from the baseline, and excessive use of
accessory muscles for respiration. The signs and symptoms of severe DVWR include
deterioration in arterial blood gasses, increase in blood pressure, increase in heart rate,
increase in respiratory rate, cyanosis, gasping, altered mental status, and decrease in
oxygen saturation (55-58).

Prevalence and Risk Factors
Yende and Wunderlink (2002) reported that 20% to 40% of patients continue to
receive PMV after undergoing CABG surgery due to DVWR (21). The causes of PMV
after CABG surgery are heterogeneous, vary with time, and have a variable impact on the
duration of mechanical ventilation required after the patient undergoes CABG surgery.
Hypoxemia was found to be the most common cause for PMV for > 24 hours (5, 59-62).
Several researchers reported the causes for prolonged ventilation after heart surgery as
pulmonary edema (25%), ARDS (5%), excessive bleeding (10%), and tachypnea during
weaning trials (16.2%) (20, 21, 63, 64). Some research findings reveal that increased age
> 70 years is associated with PMV (8, 19, 65-67). In contrast, recent research findings
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reveal that the outcome of CABG surgery has progressively improved despite increased
numbers of elderly patients and worsened preoperative risk profiles over the past few
decades, and increased age is not associated with PMV (1, 2, 7, 12).
There are many clinical variables associated with DVWR. Clinical variables such
as chronic obstructive pulmonary disease (COPD), congestive heart failure (CHF),
emergency surgery, and number of grafts are found to be associated with DVWR and
PMV (6, 7, 12, 20, 21, 68). Some researchers reported that DVWR is associated with the
adult respiratory distress syndrome after CABG surgery (6, 16, 24, 58, 69-71). Another
common complication associated with DVWR following cardiac surgery is deep vein
thrombosis. Findings from some studies reveal that 23.6% of patients who required
prolonged mechanical ventilation developed deep vein thrombosis despite 100%
prophylaxis. Multiorgan dysfunction syndrome is also a complication associated with
DVWR and PMV (29-31). The prevalence of multiorgan dysfunction syndrome among
patients with PMV after cardiac surgery is estimated as 22.7% (29-31). Ventilatorassociated pneumonia is the most frequent complication associated with DVWR and
PMV. Approximately 50% of ventilated patients develop ventilator-associated
pneumonia within the first 4 days of mechanical ventilation (29-31).
Furthermore, DVWR is a critical problem, as it is associated with intensive care
unit (ICU) mortality following CABG surgery (2, 15, 22, 26-28). The mortality related to
DVWR is reported as 43% (20, 21). The mortality after heart surgery is associated with
many complications of DVWR such as acute respiratory distress syndrome, multiorgan
dysfunction syndrome, deep vein thrombosis, and ventilator-associated pneumonia. The
ICU mortality related to acute respiratory distress syndrome is reported as 15% (32, 33).
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The ICU mortality attributable to multiorgan dysfunction syndrome is reported as 19.6%
(29-31). Another common cause of ICU mortality is ventilator-associated pneumonia.
The Institute of Hospital Improvement (2004) Report revealed that ventilator-associated
pneumonia is a leading cause of morbidity and mortality in the ICU resulting from
DVWR and PMV. The ICU mortality associated with ventilator-associated pneumonia is
30% to 50% (20, 21).
Other health care problems resulting from DVWR are increased ICU length of
stay and ICU cost (8, 15, 34, 35). Providing critical care consumes 30% of the hospital
expenses for just 8% of the hospital population (14). Several researchers who focused on
studying ICU length of stay and early extubation after cardiac surgery reported that
increased ICU length of stay and ICU cost is directly associated with DVWR and PMV
(8, 15, 34, 35). Prolonged mechanical ventilation > 48 hours accounted for 42.8% of the
total ICU cost (14).
As a solution to the problem, recent research findings reveal that hemodynamic
variables have predictive values in ventilator weaning (14, 72). Some researchers have
reported that CPI is associated with ventilator weaning outcomes, particularly with PMV
(58). However, no reported study focused on selected CPI, which may be used as
predictive indicators for DVWR.

Prediction in Prevention of Dysfunctional Ventilator Weaning Response
Lack of prediction of DVWR may lead to premature weaning trials among highrisk population. Premature weaning trials and difficulty in weaning may result in risks of
myocardial ischemia during the postoperative period because of increased global oxygen
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consumption associated with recovery and ventilator weaning (58, 73, 74). Weaning
involves increased oxygen demand and increased cardiopulmonary stress. Some studies
have demonstrated the increased amount of oxygen consumption (VO2) and stress level
during weaning. De Backer, et al. (2000) reported that there is 5% increase in the cardiac
index (CI) and a 10% increase in VO2 during the weaning of patients from the mechanical
ventilator after heart surgery (75). Alteration in the cardiac index during weaning is found
to have an association with weaning failure (15, 76-78). Meade, et al. (2001) reported that
failed trials and premature trials of discontinuation of mechanical ventilation may
precipitate respiratory muscle injury and result in prolonged mechanical ventilation (37).
Thus, it is highly important to predict the DVWR to help in preventing premature trials
and complications.
Given the fact that there is a risk of silent myocardial ischemia during the
weaning process, critical care clinicians must carefully weigh the benefits of early
weaning from mechanical ventilation against the risk of premature trials of early
extubation. The need for accurate prediction is mandatory in order to prevent DVWR. If
predictive values of CPI could be determined, clinicians could prevent premature trials
and DVWR. Postoperative cardiopulmonary dysfunction is most common complication
among CABG patients. However, the postoperative cardiopulmonary course events from
surgery to DVWR are unknown and unexplored. Although there is much literature
available on preoperative risk factors, little is known about postoperative
cardiopulmonary events predisposing to DVWR (75). Determination of the predictive
values of CPI in DVWR will promote patient safety and satisfaction and reduce ICU
mortality, length of hospital stay, and health care cost.

13

Cardiopulmonary Indicators in Prediction of Dysfunctional
Ventilator Weaning Response
Clinically, hemodynamic stabilization is monitored through CPI. The selected
CPI to predict DVWR in this research study include heart rate (HR), mean arterial blood
pressure (MAP), central venous pressure (CVP), cardiac output (CO), respiratory rate
(RR), mixed venous oxygen (SVO2), oxygen saturation (54), pulmonary artery diastolic
pressure (PAD), and pulmonary artery systolic pressure (PASP).
In the weaning process, hemodynamic stability is a required criterion. Although
hemodynamic stability is the prerequisite for initiating the weaning process, there is little
known about its association with DVWR. Changes in CPI can be readily identified
through hemodynamic trends. Cardiopulmonary indicators are sensitive clinical variables,
which may be helpful to foresee DVWR. Therefore, this research study is conducted to
determine the predictive values of CPI with regard to DVWR among postoperative
CABG patients.
There is reported evidence of an association between some CPI and weaning
outcomes such as NVWR and DVWR (30, 79-83). Frazier, et al. (2001) reported that
hemodynamic instability during weaning from mechanical ventilation is one proposed
cause of weaning failure (84). Jubran, et al. (1998) reported a direct association between
SPO2 level above 92% and NVWR (85). Findings from some research reveal that the
increase in MPASP and the change in CO during the weaning process are associated with
weaning failure (86). A progressive decrease in SVO2 during the weaning process is
reportedly associated with weaning failure (87, 88). Increased respiratory rate during the
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weaning process is also associated with weaning failure (20, 33). Doering, et al. (2001)
reported that early hemodynamic instability and presence of arrhythmias are associated
with weaning failure and postoperative mortality (76). Estenssoro, et al. (2005) reported
that clinical conditions such as low cardiac output, increased heart rate, apprehension,
deterioration of blood gas values, and slight respiratory accessory muscle use had the
highest association with DVWR (89). Ely, et al. (1996) reported that increases in RR, HR,
and MAP are associated with DVWR (36, 90). Alteration in cardiac index during
weaning has been found to have association with weaning failure (15, 76-78). Although
many researchers have reported the association between CPI and weaning outcomes,
there is no reported research using selected CPI for the prediction of DVWR.
Using CPI to predict DVWR has many advantages, such as being sensitive
indicators, reliable in detecting the complications beyond the associated comorbidity,
helpful in early diagnosis, and feasible to implement in practice by the nurses in detecting
DVWR and preventing premature trials. Cardiopulmonary indicators are sensitive
indicators in identifying complications among cardiac surgery patients (91-94). Some
researchers have reported that the trends of hemodynamic variables for 4 hours following
ICU admission after CABG surgery are sensitive indicators of prognosis (95).
In addition, CPI are reliable in detecting complications after heart surgery
irrespective of comorbid factors associated with outcomes (96). Furthermore, some
researchers have reported that cardiopulmonary indicators are helpful in rapid diagnosis
of postoperative complications among heart surgery patients (97, 98). Other research
findings reveal that changes in CPI are reliable indicators of postoperative adverse events
(92).
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Weaning is an important aspect of critical care nursing for postoperative CABG
surgery patients. Determination of optimum cardiopulmonary function is a prerequisite
for the weaning process. Restoration and maintenance of normal cardiopulmonary
function without injuring the heart and other organs represent the most important goal in
the nursing care of postoperative CABG surgery patients (26). Continuous postoperative
CPI monitoring to prevent postoperative complications in the ICU is a known practice.
The critical care nurse plays an important role in the prevention of postoperative
complications through CPI monitoring. The primary functions of the critical care nurse
during the postoperative period are CPI monitoring, hemodynamic stabilization, and
assessing weaning readiness of the patient. Thus, the critical care nurse plays an
important role in predicting DVWR through CPI.
Although the fast track weaning protocols driving early extubation have economic
implications, it is imperative to consider that there are a considerable number of
postoperative CABG patients at risk of developing DVWR. Weaning from mechanical
ventilation involves a significant amount of stress to physiological systems and increased
risk of postoperative silent myocardial ischemia. Calzia, et al. (2001) reported evidence
of increased plasma levels of epinephrine, nor epinephrine, cortisol, vasopressin, and
prolactin during the weaning process, all of which are the indicators of stress (68). Some
researchers reported that the weaning process has a high risk for silent myocardial
ischemia among the cardiac risk population during the non-cardiac surgery postoperative
period (99).
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Conceptual Framework
This research study examined the predictive value of CPI for DVWR among
postoperative CABG surgery patients. The three main concepts involved in this study
were CPI, DVWR, and NVWR. The associated concepts to DVWR and CPI included in
this study were perioperative risk factors of CABG surgery, ventilator weaning,
cardiopulmonary monitoring, and mechanical ventilation.

Cardiopulmonary indicators: Cardiopulmonary indicators (CPI) are the clinical
hemodynamic variables monitored through invasive and non-invasive monitoring
techniques in the ICU. The selected CPI to examine the predictive value of in this study
are HR, MAP, CVP, CO, RR, SVO2, SPO2, PAD, and PASP. The postoperative CABG
patient’s CPI is measured through invasive hemodynamic monitoring by pulmonary
artery (PA) catheters, bedside cardiac monitor, SVO2 monitor, pulse oxymetry, pressure
transducers, arterial line, and ventilator. The definition, physiology, and significance of
individual CPI in prediction of DVWR are explained in the following paragraphs.

Heart rate: Heart rate (HR) is the number of mechanical cardiac cycles per
minute. Cardiac cycle refers to one complete mechanical action of the heartbeat (58).
Heart rate is monitored continuously through the cardiac monitor in the postoperative
cardiovascular ICU. The normal heart rate is 60 to 100 per minute. Physiologically,
changes in heart rate are accomplished by reflex controls mediated by the autonomic
nervous system, including its sympathetic and parasympathetic divisions. The
parasympathetic impulses, which travel to the heart through the vagus nerve, can slow the
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heart rate, whereas sympathetic impulses increase the heart rate. These effects on heart
rate result from action on the sino atrial node to either increase or decrease its rate. The
balance between these reflex control systems determines the heart rate. Heart rate may
also be increased in the presence of excessive thyroid hormones, catecholamines, and
increased metabolic demands. In addition, an increase in heart rate may be seen as the
compensatory mechanism of increased circulatory and oxygen demand. Findings from an
animal study on the effects of hypoxia on heart rate revealed that hypoxia increased heart
rate significantly as an earliest compensatory mechanism (100). Heart rate may be used
as an early sensitive indicator of cardiopulmonary problems. Heart rate is considered a
sensitive parameter by many researchers to assess the cardiac and circulatory status of the
postoperative cardiac patients (101). Changes in heart rate are an indication of cardiac
compensation during various stress and activities.
The significance of including HR to predict DVWR emerges from the
physiological changes in HR during the weaning process. Weaning from ventilation after
CABG surgery involves stress to the heart, which is reflected as increased heart rate
during the weaning process. A prospective comparative study between patients with betablocker and without beta-blocker revealed a significant increase in heart rate in both
groups during weaning. The increase in heart rate among patients with beta-blocker was
20% above baseline and in patients without beta-blocker was > 20%. The results of
another comparative study on hemodynamic changes during the weaning process among
patients with and without heart diseases revealed a significant increase in heart rate and
rhythm in patients with heart disease (102).

18

Mean arterial blood pressure: Mean arterial blood pressure (MAP) is the
average pressure exerted on the walls of the arteries (58). It is affected by various factors
such as cardiac output, distension of the arteries, and the volume, velocity, and thickness
of the blood. Blood pressure occurs as a cyclic phenomenon. The pressure during
contraction of the ventricle is called systolic pressure, and the pressure during relaxation
of the ventricle is called diastolic pressure.
The normal physiology of blood pressure regulation is through a complex
interaction of neural, chemical, and hormonal feedback systems affecting both cardiac
output and peripheral vascular resistance. Tissue and organ perfusion depend on mean
arterial pressure (MAP). The MAP is the average pressure at which blood moves through
the vasculature. The normal range of MAP is 80 to 120mmHg.
The significance of including MAP in predicting DVWR is based on the evidence
of increased MAP with many postoperative complications. Some researchers have
reported that increased mean arterial pressure is associated with postoperative
complications after CABG surgery (101, 103). Researchers have also reported that
measurement of mean arterial pressure is useful in predicting postoperative complications
(101, 104). A comparative study on the effect of weaning in hemodynamic changes
revealed a significant increase in MAP in patients with beta-blocker and in patients
without beta-blocker during the weaning process. There was a 40% increase in MAP
above baseline among those patients who had no beta-blocker and a 23% increase among
patients with beta-blocker (105).
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Central venous pressure: Central venous pressure (CVP) is a dynamic or
changing measurement. The change in CVP, correlated with a patient’s clinical status, is
a more useful indication of the adequacy of venous blood volume and alterations of
cardiovascular function than a single measurement. Central venous pressure reflects the
right ventricular function. Most right ventricular failure is secondary to left ventricular
failure. Therefore, an elevated CVP can be either a late sign of left ventricular failure or
increased fluid volume. A decreased CVP indicates that the patient is in hypovolemia.
The normal CVP is 4 to 10 cm/H2O (58).
Measurement of CVP is a guide to assess the preload and fluid status
postoperatively. The significance of adding CVP to predict DVWR is based on the
evidence that increased positive fluid balance is associated with PMV (106).
Postoperative CABG patients with mechanical ventilation are at risk of developing
altered preload and fluid status. Mechanical ventilation is associated with alterations in
intrathoracic pressure, lung volume, and venous return; and changes in intrathoracic fluid
volumes during weaning are associated with weaning failure. In patients with impaired
cardiac function, the development of pulmonary edema during weaning has been
described (58). An investigation of changes in intrathoracic fluid volumes in patients
after coronary artery bypass grafting after changing the ventilatory pattern from
mechanical to spontaneous ventilation revealed that increased preload during the weaning
process is associated with weaning failure (107).

Cardiac output: Cardiac output (CO) is defined as the volume of blood ejected
from the heart over 1 minute (58). The determinants of CO are heart rate and stroke
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volume. Changes in either stroke volume or heart rate change the CO. The continuous
measurement of CO permits the clinician to assess the trends in the cardiovascular status
of the patient status at the bedside. Trends in the patient’s cardiovascular status can be
observed by using serial CO measurements. Normal CO is 4 to 8l/min (58). Some studies
have found that low cardiac output is associated with DVWR (20, 37). Some researchers
either reported that an acute increase in oxygen demand can be compensated for by
increased cardiac output (CO) or increased oxygen extraction, resulting in reduced mixed
venous oxygen saturation (SVO2). A postoperative increase in CO and heart rate is found
to be an indication of an increase oxygen demand (88). Assessing the trend of CO
measurements may help to predict the DVWR.

Mixed venous oxygen saturation: Although CO provides important information
about the capacity of the cardiopulmonary system to deliver oxygen to the tissue, it does
not depict the adequacy of the oxygen supply at the tissue level. The assessment of tissue
level metabolism is determined by mixed venous oxygen saturation (SVO2). The SVO2
measurement reflects the O2 utilization by all the tissues in the body (58). Continuous
monitoring of SVO2 is done through a PA catheter. The SVO2 measurement provides an
index of tissue metabolism and can be used as an adjunct to therapy when making
adjustments in ventilator settings and weaning. In addition, the SVO2 provides immediate
feedback of the patient’s cardiopulmonary status, and it is effective in evaluating the
therapy and patient status (32, 33). Although the usefulness of the SVO2 is recognized
clinically, the association of SVO2 with DVWR is unknown. Some studies have found an
association between the decrease in SVO2 after extubation and reintubation (37, 73, 108).
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Findings from an experimental clinical study reveal that measures of SVO2 are sensitive
to changes in oxygenation status during weaning. The SVO2 measures provide valid
information about oxygen status and can be used to guide weaning (86).

Respiratory rate and oxygen saturation: Respiration is defined as the process
of inspiration and expiration which facilitates ventilation in the lungs (58). The
rhythmicity of respiration is controlled by the respiratory centers in the brain. The process
of inspiration and expiration is controlled by medulla oblongata, and the rate and depth of
the respiration is controlled by pons. The normal respiratory rate (RR) is 12 to 18 breaths
per minute. Observing respiratory rate is important because changes in the respiratory
rate are an indicator of an altered cardiopulmonary status. Increased RR is reported to be
associated with cardiopulmonary stresses and compensatory effort to combat hypoxia (36,
60, 109). The measurement of RR and oxygen saturation (SPO2) is also useful to predict
pulmonary status. Some researchers found that RR and SPO2 are valuable predictors of
arterial blood gases. Monitoring RR and SPO2 postoperatively may assist in patient
monitoring during weaning and reduce the number of arterial blood gases needed (59, 86).
Research findings on weaning elderly patients reveal that RR is a sensitive indicator to
predict the weaning outcome (110).

Pulmonary artery diastolic pressure and pulmonary artery systolic pressure:
Pulmonary artery pressures, both diastolic (PAD) and systolic (PASP), provide an index
of the pressure within the pulmonary vasculature and are affected by the left ventricular
compliance. These pressures depend on blood flow to the lungs and the state of the lung
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tissue. In the absence of pulmonary disease, the pulmonary artery pressure is equal to
right ventricular pressure during systole. The normal value of pulmonary artery pressures
(111) are 15 to 30 mmHg (systolic) and 4 to 12 mmHg (diastolic) (58).
The significance of including PAD and PASP as predictors of DVWR is from the
theoretical evidence of the association between pulmonary hypertension and weaning
failure after heart surgery (112-116). Changes in pulmonary artery pressure are sensitive
indicators of altered cardiopulmonary and fluid status within the circulatory system.
Elevated pulmonary artery pressures are an indication of pulmonary hypertension.
Pulmonary hypertension is directly associated with DVWR (58). Continuous monitoring
of pulmonary artery pressures may help to identify and treat pulmonary hypertension.
Elevated pulmonary artery pressures are seen in COPD, left ventricular failure,
pulmonary hypertension, hemothorax, pneumothorax, and DVWR (32, 33).
Mechanical ventilation imposes changes in intrathoracic pressure that are opposite
to what occurs during normal respiration, which has an effect on the pulmonary artery
pressures (58). During the inspiratory cycle of ventilation, the PAP increases, and during
the expiratory cycle of ventilation, PAP decreases. Some studies reported that an increase
in PEEP increases PAP (30, 111, 117-119). On the other hand, some studies
demonstrated that there is no difference in the PAP readings with PEEP of 10cm or less
(1, 2, 5). Pulmonary hypertension with associated right ventricular dysfunction may
complicate the postoperative CABG surgery patient despite maximum pharmacologic
and ventilatory support. Continuous monitoring of pulmonary artery pressures may help
to identify and treat pulmonary hypertension (120).
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Effects of comorbidity in alteration of cardiopulmonary indicators:
Comorbidities such as COPD, CHF, and renal disease are associated with alterations of
the CPI. Many researchers have reported the alterations in CPI among COPD patients.
The predominant risk factors that have an association with altered cardiopulmonary
function are preoperative comorbid conditions such as chronic obstructive pulmonary
disease (COPD), congestive heart failure (CHF), and renal disease.
A common cause for the alteration in CPI due to COPD is autonomic neuropathy.
Autonomic neuropathy is a common complication associated with COPD. Autonomic
neuropathy results in hemodynamic alterations in patients with COPD; it alters the
baseline hemodynamic parameters among these patients such as pulmonary artery
pressures, respiratory rate, and oxygen saturation (121). Another complication of COPD
is breathing pattern alterations resulting in alterations of CPI. Breathing pattern alteration
in a COPD patient is a common finding; it alters hemodynamic status. Particularly in
mechanically ventilated patients with COPD, the pattern of lung inflation and expiratory
time alteration have a significant impact on respiratory system mechanics, gas exchange,
and hemodynamics (122). Another phenomenon involving alteration in CPI among
COPD patients is salt and water accumulation due to the vasodilator properties of
hypercapnia. The consequent low arterial blood pressure may be the stimulus for the
neurohormonal activation and retention of salt and water (123). Findings from a clinical
study revealed that significant increase in renal plasma flow, increased CVP, pulmonary
artery pressures, and decreased cardiac output is associated with COPD. Another
researcher reported that patients with COPD markedly increase their pulmonary artery
wedge pressure on mild exercise even though they have no overt left heart disease (124).
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The effect of CHF on CPI is due to the cardiopulmonary dynamics. Left
ventricular failure is associated with increased pulmonary pressures and decreased
cardiac output. In addition, cardiac surgery depresses the myocardial pump function (80).
Right heart failure is associated with increased right atrial pressure and impeding venous
return and venous congestion alters hemodynamics (125, 126). A compensatory
mechanism of CHF also includes increased sympathetic nervous system activity due to
increased angiotensin converting enzymes which results in increased heart rate (127).
The effect of renal diseases in altering CPI is reported to be associated with the
adoptive mechanism. The adoptive mechanism in renal disease includes volume overload
and pressure overload that are responsible for adoptive alterations of the heart and vessels.
The persistence of the adaptive mechanism leads to a detrimental process, mainly cardiac
dilation, and failure and alteration in hemodynamics (128). Renal disease patients exhibit
various hemodynamic alterations such as hypertension, left ventricular hypertrophy, and
altered cardiac output (129). Renal failure also predisposes to alterations in left ventricle
structure, aortic structure, and performance. Many pathogenesis related to left ventricular
hypertrophy, such as high cardiac output, are related to renal anemia, hypertension,
volume overload, and an arteriovenous fistula (130). Renal anemia predisposes to
alterations in CPI because it induces functional and organic alterations of cardiaccirculatory function. One clinical researcher reported that patients with severe anemia
showed a tendency to an impaired cardiac index below Hb < 5-6 g/dl with no alterations
in pulmonary artery pressure (131). Changes in the structure of the aorta include
endovascular deposition of microparticles from platelet aggregation resulting in stiffness
and stenosis, which also predispose to concentric left ventricular hypertrophy, which is
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associated with diastolic dysfunction and alterations in CPI (132). Hemodynamic
alterations among renal disease patients from chronic renal ischemia are a common
pathophysiology. Another clinical study revealed evidence of chronic renal arterial
ischemia producing many of the hemodynamic alterations and end-organ injury seen in
patients with renal artery stenosis, including persistent hypertension, renal insufficiency,
and cardiac disturbance syndromes (133). Another author proposed the uric acid
hypotheses as an explanation for the alterations in CPI among renal disease patients. The
researcher demonstrated hyperuricemia as a cause for the alteration in blood pressure and
renal damage in an experimental animal study (134).

Cardiopulmonary monitoring: Cardiopulmonary monitoring is an associated
concept with CPI in this research study. Cardiopulmonary monitoring is accomplished
through hemodynamic monitoring that helps to prevent complications after heart surgery
(80, 135). A complete assessment of all systems is performed when the patient is
admitted to the postoperative cardiovascular intensive care unit, and every hour thereafter
until 8 hours following the ICU admission to determine postoperative status of the patient.
Cardiopulmonary assessment is performed to monitor the cardiac and respiratory status
of the patient. Cardiac assessments performed in the postoperative cardiovascular ICU
include heart rate, heart sounds, arterial blood pressure, central venous pressure,
pulmonary artery pressure, pulmonary artery wedge pressure, left atrial pressure, cardiac
output, cardiac index, systemic vascular resistance, pulmonary vascular resistance, mixed
venous oxygen saturation, and pacemaker status.
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The pulmonary assessments performed in the postoperative cardiovascular ICU
include chest movement, breath sounds, ventilator settings, oxygen saturation, respiratory
rate, chest tube drainage, and arterial blood gases. Nursing management of postoperative
CABG patients involves continuous monitoring of a patient’s cardiopulmonary status and
relaying changes to the surgeon and critical care team work to correct the problem
collaboratively. In evaluating the cardiopulmonary status, the nurse performs clinical
observations and routine measurements such as serial readings of blood pressure, heart
rate, central venous pressure, arterial pressure, cardiac output, cardiac index, pulmonary
artery pressure, oxygen saturation, respiratory rate, and mixed venous oxygen saturation.
The assessment of cardiopulmonary status is performed through hemodynamic
monitoring, which involves the use of invasive catheters in the vascular system of
patients. The specific monitoring catheters and transceducers used in the hemodynamic
monitoring are the pulmonary artery catheter and systemic arterial catheter.
The pulmonary artery catheter is an important assessment tool that is useful to
measure and calculate several right and left sided intracardiac pressures effectively. The
pulmonary artery catheter is a balloon-tipped, flow-directed catheter inserted into the
superior vena cava and right atrium. The balloon is inflated, and the catheter is carried
rapidly by the flow of the blood through the tricuspid valve into the right ventricle,
through the pulmonic valve, and into the branch of the pulmonary artery. With the
pulmonary artery catheter, many parameters can be measured, including CVP, PASP,
PADP, CO, CI, SvO2, and pulmonary artery capillary wedge pressure. Systemic arterial
pressure monitoring is used to obtain direct and continuous blood pressures in the
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postoperative cardiovascular ICU. Arterial catheters are also useful in assessing frequent
arterial blood gases.

Dysfunctional ventilator weaning response: Many nomenclatures are used to
denote DVWR, such as dysfunctional weaning, early extubation failure, DVWR, and
prolonged mechanical ventilation (PMV). Many studies have defined this term
operationally as the condition in which the patient is unable to be weaned from the
ventilator and remains intubated and on mechanical ventilation >8 hours after surgery (1,
6-25). Based on the review of literature, this study operationally defines DVWR as the
condition in which patients remain on the ventilator > 8 hours after surgery. In addition,
the term normal ventilator weaning response (NVWR) is operationally defined as the
condition in which the patient is extubated and placed on either a binasal cannula or
aerosol facemask oxygen within 8 hours after surgery.

Perioperative risk factors of coronary artery bypass graft surgery associated
with dysfunctional ventilator weaning response: There are many perioperative risk
factors associated with DVWR. Patients with coronary artery disease are particularly at
risk perioperatively from myocardial infarction, unstable angina, severe arrhythmia, and
cardiac death (136, 137). Perioperative risk factors that are associated with DVWR vary
distinctively with the preoperative period, intraoperative period, and postoperative period.
Pulmonary complications are identified as major risk factors for postoperative mortality.
It is important to identify the cardiopulmonary variables that are critical to predict
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DVWR and related mortality in the postoperative period after coronary artery bypass
grafting (138).
Many preoperative comorbid conditions, which exist in patients before surgery
have been found to be associated with DVWR. The reported associated comorbid
conditions include increased age, female gender, congestive heart failure, chronic
obstructive pulmonary disease, redo surgery, renal dysfunction, and cerebrovascular
disease (1, 6-25).
Many intraoperative factors have been found to influence the timing of
postoperative extubation after CABG surgery. Intraoperative risk factors that are
associated with DVWR include comorbid conditions, anesthesia, and surgical techniques.
The reported intraoperative comorbid factors that are associated with DVWR include
ejection fraction < 40%, prolonged cardio pulmonary bypass time > 120 minutes,
reexploration, and emergency surgery. (1, 12, 18, 19, 139-143).
Another major intraoperative factor, which is associated with postoperative
ventilation time, is anesthesia. The type of anesthesia and its interaction with comorbid
conditions such as age and poor ventricular functions has been associated with prolonged
postoperative ventilation (1, 12, 18, 19, 139-143). Fast track anesthesia has been found to
have an effect in early extubation (2, 3, 6, 8, 9, 12, 13, 15, 16, 40, 72, 73, 144-149).
Some authors have reported that surgical techniques such as number of grafts and
use of internal mammary artery (150) graft influence the time of postoperative ventilation
(151). Minimally invasive procedures, such as beating heart surgeries, have been found to
have an effect in early extubation and reduced ICULOS (2).
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Many postoperative risk factors are associated with DVWR, such as increased
duration of mechanical ventilation, lack of weaning protocols, premature weaning trials,
hemodynamic instability, and altered fluid balances. Increased duration of mechanical
ventilation is associated with acute lung injury complicating DVWR (2, 40-45, 51, 140,
143, 152-154). A lack of standard weaning protocols is associated with PMV (2, 3, 17, 65,
155-165). Another postoperative risk factor associated with weaning protocol is
premature weaning trials that can result in DVWR (58, 73, 74). Hemodynamic
instabilities associated with DVWR include low cardiac output syndrome, pulmonary
edema, pulmonary hypertension, respiratory distress, and cardiac arrhythmias (5, 19, 53,
59, 68, 72, 74, 75, 84, 85, 107, 136, 137, 166, 167). Altered fluid balance, which includes
increased positive fluid balance and increased chest tube drainage and re-exploration
surgery, is associated with DVWR (107).

Pathophysiology of dysfunctional ventilator weaning response: Mechanical
ventilation is an inevitable support for all postoperative cardiac surgery patients to
maintain airways and oxygenation during the recovery process. However, early
extubation is essential to prevent complications related to mechanical ventilation (2, 4045, 51, 140, 143, 152-154). Cardiac surgery patients may fail to wean because of various
causes related to physiological systems such as neuro, circulatory, respiratory, metabolic,
and renal systems. The respiratory causes include impaired respiratory center drive or,
more frequently, neuromuscular abnormalities including respiratory muscle fatigue,
impaired lung mechanics, or impaired gas exchange capability (58).
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The common cardiopulmonary pathophysiological mechanism involving DVWR
is impaired gas exchange. Impaired gas exchange in postoperative heart surgery patients
is the result of altered ventilation, altered perfusion, and the mismatch between
ventilation and perfusion. The pathophysiological alterations involve alveolar
hypoventilation, increased pulmonary shunt, decreased O2 delivery, pulmonary
hypertension, pulmonary vasoconstriction, and atlectasis (58). The imbalance between
the supply and demand of oxygen is another altered physiology result in DVWR,
particularly with open-heart surgery, which involves sternotomy and a considerable
amount of compromised respiratory muscle function. An imbalance between respiratory
capacity and imposed load, respiratory muscle fatigue, alteration in ventilation, and
impaired gas exchange leads to prolonged mechanical ventilation (58). Ventilatory
muscle fatigue is associated with altered nutrition, electrolyte imbalances, hormonal
imbalances, impaired O2 delivery. Phosphate and magnesium deficiencies are the
metabolic causes of weaning failure and prolonged mechanical ventilation (168). One
study has reported that maintaining optimum glucose levels has an association with
successful weaning (34).
The neurological causes of DVWR include failure in coordination between the
brain stem and the cortical chemoreceptive and mechano-receptive feedback mechanism
due to electrolyte disturbances, sedation, central apneas, and brain strokes. The failure of
peripheral nerves due to metabolic, structural, or drug factors can also result in ventilator
dependence.
Cardiovascular causes of DVWR include cardiac decompensation and congestive
heart failure resulting in weaning failure. Patients with limited cardiovascular reserve are
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at risk of ischemia or heart failure during weaning resulting from increased circulatory
demand. Respiration has a hydraulic influence upon cardiovascular function (84).
Mechanical ventilation with positive pressure (MV) reduces left ventricular preload and
afterload. The weaning process has a high risk for silent myocardial ischemia among the
cardiac risk population during noncardiac surgery postoperative period (99, 107).
Removal of positive pressure ventilation results in increased venous return due to the
sudden increase in negative thoracic pressure. It also increases the left ventricular
afterload caused by negative pleural pressure swings (169, 170). Lemaire (1993)
demonstrated left ventricular dysfunction during the weaning process among cardiac
failure and COPD patients. The study demonstrated the increase in PCWP from 8 to 25
mmHg during failed ventilator withdrawal attempts in the above mentioned patients (169,
170). Frazier (2001) reported that hemodynamic instability during weaning from
mechanical ventilation is major cause of weaning failure (171). It is imperative to assess
the above predisposing risk factors before weaning trials in order to prevent the
premature trials and weaning failures (5, 19, 53, 59, 68, 72, 74, 75, 84, 85, 107, 136, 137,
166, 167).

Mechanical ventilation: Mechanical ventilation is an associated concept with
DVWR. A mechanical ventilator is a positive pressure-breathing device that can maintain
ventilation and oxygen delivery for a prolonged period (58). The general purpose of
mechanical ventilation is to correct ventilatory failure and to achieve desired oxygenation
of the tissues. It is also used as a supportive therapy for patients under anesthesia during
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the recovery phase. Accordingly, postoperative CABG patients receive mechanical
ventilation in ICU during recovery.
Mechanical ventilation has a significant effect on hemodynamic changes, as it is
associated with increased positive end expiratory pressure (PEEP). Inappropriate increase
in PEEP may result in the reduction of CO through various mechanisms. The altered
physiology related to high PEEP includes diminished venous return due to increased
intrathoracic pressure; right ventricular dysfunction secondary to an increase in right
ventricular afterload and decrease in right ventricular filling; alteration in left ventricular
stretch and decreasing stroke volume and diminished cardiac contractility due to the
increased release of humoral factors from the lung. The cardiac effects of positive
pressure ventilation depend upon the volume status and pulmonary compliances.
The effects of positive pressure ventilation in hemodynamic changes are severe in
the presence of hypovolemia and increased lung compliance. No hemodynamic
depression is observed in the presence of hypervolemia and stiff lung (58).

Weaning from mechanical ventilation: Weaning from mechanical ventilation is
another associated concept with DVWR. Weaning is a gradual withdrawal or cessation of
mechanical ventilation (58). Weaning from mechanical ventilation is performed at the
earliest possible time consistent with patient safety. Weaning is initiated when the patient
is recovering from the acute stage of surgical problems and when the causes of
respiratory failure are sufficiently reversed. Success in weaning the patient relies upon
the individual’s physiological clinical condition rather than a mechanical decisionmaking process. Recovery from cardiac anesthesia is an important element to consider
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before the initiation of the weaning process in patients after CABG surgery. Recent
research findings reveal that fast track cardiac anesthesia was found effective in reducing
required mechanical ventilation time after surgery, ICU length of stay, and hospital stay
and cost (2, 3, 17, 65, 155-165). Another researcher reported that fast track anesthesia
enhanced early extubation after CABG surgery, prevented pulmonary complications, and
expedited early rehabilitation (157).
Traditional criteria for the weaning process include optimum achievements of
vital capacity, inspiratory force, respiratory rate, tidal volume, minute ventilation, and
arterial blood gases (20, 38, 72, 172). One researcher reported that traditional weaning
criteria are not useful in predicting weaning ability, but RR and tidal volume may be used
as valuable predictors (155). Another finding from a comparative study in evaluation of
the value of standard and recent indices in predicting successful extubation following
prolonged mechanical ventilation revealed that maximal inspiratory pressure may be used
as a valuable predictor of weaning out comes (173). Success in the prediction of weaning
outcomes depends upon the assessment of the trend of the criteria rather than single
measurements (174).
The weaning process has an effect on cardiopulmonary status. Weaning from
mechanical ventilation may cause cardiac output changes as well as redistribution of
blood flow to the respiratory muscles. A clinical prospective study revealed that there
was splanchnic blood flow reduction after extubation (175). Baseline cardiac function
influences on weaning after CABG surgery. Consideration of baseline cardiac function
may be an important factor in the selection of an appropriate mode of spontaneous
ventilation following controlled mechanical ventilation. A comparison of hemodynamic
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changes during the transition from mechanical ventilation to T-piece, pressure support,
and continuous positive airway pressure in canines revealed that baseline ventricular
function influenced hemodynamic response to the immediate transition from mechanical
to spontaneous ventilation. A significant increase in cardiac output in response to
T-piece was reported (171). Abnormal cardiopulmonary changes during the weaning
process may be an indicator for DVWR. Findings from a study on cardiopulmonary
effects of pressure support ventilation revealed a significant increase in RR and tidal
volume in patients who are difficult to wean due to respiratory muscle fatigue (176).
Among the comorbid conditions of DVWR, COPD is a common pulmonary
condition associated with prolonged mechanical ventilation after CABG surgery (26,
177-180). In contrast, findings from a series of investigations of the changes in
respiratory and circulatory functions in COPD patients during sequential invasivenoninvasive mechanical ventilation therapy revealed that the respiratory and circulatory
functions of COPD patients remained stable during the weaning process (181, 182).
Dysfunctional ventilator weaning response is a time-sensitive event. There is no
standard time limit found in the literature for DVWR. Several researchers reported that
the majority of the NVWR occurred at 4 to 8 hours after CABG surgery (51, 53, 54, 59,
66). Findings from some recent studies reveal that the rate of weaning failure is higher
among early weaning trials, which may indicate an association between premature
weaning trials and weaning failures (58, 73, 74).
In health care practices, there is emphasis on the reduction of ICU length of stay
and cost after CABG surgery. Fast track weaning protocols are found to provide cost
effective care after CABG surgery. Fast track weaning protocols enhance early
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extubation, resulting in shorter hospital stay and decreased costs in CABG surgery. The
new goal of critical care after CABG surgery is to extubate patients within 4 to 6 hours
upon arrival in the ICU (4, 5).
The practice of a fast track weaning protocol has reduced the required duration of
mechanical ventilation after surgery and reduced ICU and hospital length of stay (41, 43,
44, 51, 74, 140, 141, 153, 183). Findings from one research study revealed that a fast
track weaning protocol reduced the percentage of patients requiring more than one course
of mechanical ventilation during the hospitalization from 33% to 26% (p = .039), a total
cost savings of $3,440,787 and a decrease in mortality from 32% to 28% (p = .062) (184).
Identification of predicting factors for DVWR may help to promote patient safety and
quality care.

Conceptual model of predictive association of cardiopulmonary indicators
with dysfunctional ventilator weaning response: The conceptual model depicted in
Figure 2.1 is the visual display of the association of risk factors and CPI with DVWR and
NVWR after CABG surgery. It shows that cardiac surgery is followed by ventilator
weaning in postoperative critical care. Postoperatively, the mechanical ventilation and
hemodynamic stabilization therapies help to restore cardiopulmonary function. The
outcome of these therapies is either normal ventilator weaning response (NVWR) or
DVWR. The above-mentioned outcomes influence CPI. CPI helps to predict NVWR and
DVWR, which are associated with the restored cardiopulmonary function and impaired
cardiopulmonary function. Changes in CPI precede the outcome, which can be identified
at an early stage at bedside. Therefore, the above concept explains the importance of
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Figure 2.1. Proposed Conceptual Model of Cardiopulmonary Indicators in
Predicting Dysfunctional Ventilator Weaning Response after CABG Surgery.
Note.
CHF: congestive heart failure
COPD: chronic obstructive pulmonary disease
CABG: coronary artery bypass surgery
VWR: ventilator weaning response
CPI: cardiopulmonary indicators
HR: heart rate
MAP: mean arterial pressure
CVP: central venous pressure
RR: respiratory rate
SPO2: oxygen saturation
CO: cardiac output
CI: cardiac index
PAD: pulmonary diastolic pressure
PASP: pulmonary artery systolic pressure
SVO2: mixed venous oxygen saturation
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determining the temporal association of the CPI with DVWR. Many risk factors are
found to be associated with the outcome variable DVWR. Altered cardiopulmonary
function following CABG surgery is the precursor for VWR.
The predominant risk factors associated with altered cardiopulmonary function
are preoperative comorbid conditions such as increased age > 70 years, female gender,
COPD, CHF, redo surgery, and renal disease. Intraoperative factors such as cardiac
surgical techniques, anesthesia, and cardiopulmonary bypass are associated with altered
cardiopulmonary function and delayed weaning or DVWR. Postoperative conditions
associated with altered cardiopulmonary function include mechanical ventilation,
weaning protocols, and interventions for hemodynamic stabilization.
Postoperative recovery of CABG patients follows two main pathways: restoration
of cardiopulmonary function or impaired cardiopulmonary function. Cardiopulmonary
function is assessed through the hemodynamic monitoring of CPI. Cardiopulmonary
indicators are an index of cardiopulmonary status; they are monitored in the ICU
postoperatively through a pulmonary artery catheter, a radial artery catheter, a Spacelabs
cardiac monitor, and an Edwards Lifesciences SVO2 monitor. Patients who attain
restored cardiopulmonary function manifest optimal cardiopulmonary function and
optimal CPI. In contrast, patients who have impaired cardiopulmonary function manifest
altered CPI. Alteration of CPI is the predictive sign of DVWR, which can be detected at
an early stage.
This study emerges from the belief that these manifestations can be predicted
through the assessment of trends of CPI. The outcome of postoperative recovery of
CABG surgery patients follows either the NVWR or DVWR pathway. The outcome for
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patients who follow the NVWR pathway is either discharge from the ICU or
development of respiratory distress after extubation and reintubation. Those patients who
develop respiratory distress after extubation are at risk of developing a complication of
PMV. PMV is defined as the condition in which the patient remains on ventilator > 24
hours after surgery. Patients who exhibit signs of DVWR follow the PMV pathway.
Predictive values of CPI help prevent premature trials and DVWR. Many studies
have found an association between some CPI and weaning success. Clinically, CPI is
used postoperatively for the titration of the medications, evaluation of the therapy, and
assessment of cardiopulmonary function in the ICU. Although the selected CPI for this
study have clinical merits, their values in predicting DVWR are unknown. This study
evaluates the predictive value of CPI in DVWR with the hypothesis that CPI has
predictive value for DVWR.
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CHAPTER 3: METHODOLOGY

This research study was undertaken with the purpose of describing the
characteristics of cardiopulmonary indicators (CPI) among patients with normal
ventilator weaning response (NVWR) and dysfunctional ventilator weaning response
(DVWR) after coronary artery bypass graft (CABG) Surgery, finding the differences in
characteristics of cardiopulmonary indicators between patients with NVWR and DVWR
after CABG surgery, and of building a prediction model for DVWR with significant
antecedence. This prediction could guide in prevention of DVWR after CABG surgery
and in prevention of premature ventilator weaning trials for high-risk patients. This
chapter describes the study design, setting, sample, selection of sample, instrumentation,
procedure, human subjects, and statistical analysis utilized in this study.

Research Design
This research study utilized a retrospective case control study with time series
design. A hallmark of the case control study is that it begins with people with the disease
(cases) and compares them to people without the disease (controls) (185). The cases
(DVWR) in this study are defined as patients who remained on a mechanical ventilator
> 8 hours after CABG surgery (1, 6-25). The controls (NVWR) in this study were
defined as patients who were extubated within 8 hours after CABG surgery (1, 6-25).
The differences between cases and controls were established in this study by the
comparison of CPI measurements between cases and controls on an hourly basis during
the postoperative period. The selected CPI data collected hourly in a time series design
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for 12 hours postoperatively in both cases and controls were compared to demonstrate the
significant differences. This study design was selected to find the predictive value of CPI
for DVWR after CABG surgery.
The independent variable of this study was CPI. The selected CPI to predict
DVWR in this research study included heart rate (HR), mean arterial blood pressure
(MAP), central venous pressure (CVP), cardiac output (CO), respiratory rate (RR), mixed
venous oxygen (SVO2), oxygen saturation (54), pulmonary artery diastolic pressure
(PAD), and pulmonary artery systolic pressure (PASP). The dependent variable of the
study was DVWR, which is operationally defined as the condition in which the patient
failed to wean from mechanical ventilation 8 hours after surgery (17, 20, 21, 55, 56).

Setting
The study was conducted at a suburban, 500-bed private for profit Mid-South
hospital, with a 40-bed adult ICU. The hospital performs approximately 1 to 3 CABG
surgeries daily. In addition, this hospital has a fast track weaning protocol that is
implemented after all CABG surgeries. Furthermore, the hospital has an electronic
patient file system with electronic documentation and storage of hemodynamic data and
patient data for later retrieval.

Selection of Sample
The study population included all patients who underwent CABG surgery with
inclusion criteria guided purposive sampling technique. Three hundred electronic medical
records (EPF) of patients who underwent CABG surgery between May 2003 and
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February 2006 and who met the inclusion and exclusion criteria were selected by
retrospective sequential sampling. Among the 300 subjects, 100 subjects constituted the
case group and 200 subjects constituted the control group. The researcher collected CPI
for 12 consecutive hours during postoperative periods, and utilized all 12 hours CPI in
descriptive statistics for description of the study sample. Further, the researcher utilized
only the first 8 hours data for inferential statistics in accordance with the definition of
DVWR.
The source of research data was the EPF system that contains the electronic
medical records (MR) of all adult patients who underwent CABG surgery within the
study period. The inclusion criteria were age > 18 years and patients who had undergone
CABG surgery. The exclusion criteria were patients who had any one of the following
treatments: intra aortic balloon pump, pacemaker, epinephrine, nor epinephrine,
dopamine, and continuous renal replacement therapy (CRRT).

Selection of cases and controls: Cases and controls were selected with
operational definitions from the EPF medical records of patients who had undergone
CABG surgery. Cases were defined as patients who remained on mechanical ventilator
more than 8 hours after CABG surgery (1, 6-25). Controls were defined as patients who
were extubated within 8 hours after the CABG surgery (1, 6-25). Cases and controls
were selected from the same hospital.

Sample size and sampling technique: The sample size requirement for fitting a
multiple regression analysis was 5 to 10 observations for each potential predicting
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variable. Accordingly, the sample size of the cases was 100. In case control studies, the
proportion of the study population that consists of cases is determined by the ratio of
controls per case, typically ranging from 1 to 4 controls per case (185-188). This study
utilized the 1: 2 ratio of cases and controls. Thus, this study consisted of 100 cases and
200 controls.

Instrument and Measurements
This case control study utilized the medical records of those patients who had
CABG surgery in a Mid-South hospital from 2003 to 2006. Data were abstracted from
the EPF medical records system to an Excel spreadsheet on the researcher’s personal
computer. The EPF system is an electronic recording and storage of the vital parameters
measured by various sensors, which are transmitted to a medical service provider via
mobile communication. The data was stored in a database through the automatic
electronic charting interface from the Spacelab PC I 90303B bedside cardiac monitor to
the patient’s personal computer, which stored it in an electronic patient file (EPF). The
file contained all medical documentation. Authorized clinics and physicians can access
this file to support diagnosis and therapy.
The CPI measurements involved hemodynamic monitoring devices such as a
Spacelabs cardiac monitor, Edwards Lifesciences cardiac output SVO2 monitor, 7.5 FR
pulmonary artery catheters, Servo I mechanical ventilator, and Massimo TM pulse ox
sensor. The reliability and quality control tests were performed for the Spacelabs cardiac
monitor, Servo I ventilator and Edwards Lifesciences cardiac output monitor by the
biomedical department of the hospital. The reliability of the SVO2 monitor was evaluated
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and maintained periodically through performance check procedures by the biomedical
department of the hospital. Sensitivity of Spacelabs cardiac monitors were estimated as
92%. The positive predictive value of Spacelabs cardiac monitors were estimated as 97%.
The estimated reliability of the oxymetry values for the Massimo SET oxymetry was
95% (54).
The instrument used for storing the data was a Gateway laptop computer. This
computer has high quality compatibility with external equipment. This device has been
qualified to the following standards: universal input 10.5VDC to 15VDC, meets
FCC/CISPR/VCCI class B EMI (conducted and emitted radio noise), vibration and shock,
high efficiency, 100% HI-POT tested, 100% cyclic burn-in, humidity, and temperature.

Sources of Data
The types of data obtained from the EPF system were demographic, clinical, and
CPI measurements. The demographic data includes age and sex, which were retrieved
from the history and physical pages of the EPF. The clinical data included COPD, CHF,
renal disease and redo surgery, which were retrieved from the history and physical pages
of the EPF. Extubation time was derived from the respiratory flow sheet and nursing
assessment pages of the EPF. The CPI data were HR, MAP, CVP, CO, RR, SVO2, SPO2,
PAD and PASP, which were recorded from the nursing assessment and vital signs
confirmation page of the EPF.
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Procedure
The researcher obtained approval for the research study from the University of
Tennessee Health Science Center (UTHSC) IRB and the Mid-South hospital IRB. After
IRB approval, the researcher obtained a security pin from the hospital administration to
access the medical records of the CABG patients through the EPF system. A list of
CABG patients from January 1, 2003 to February 28, 2006 was prepared from the ICU
CABG surgery logbook. The medical records of patients who met the inclusion criteria
were accessed through the Electronic Patient File (EPF).

Data Analysis

Statistical analysis: Statistical analysis was performed using a SAS statistical
analysis software program. Descriptive statistics were performed on all variables,
including demographic and comorbid data. All the statistical significance tests were
performed as two-tailed tests. A p-value of < 0.05 was considered significant.
The selected statistical analysis procedures in this research study included PROC
UNIVARIATE, PROC FREQ, PROC GLM, PROC REG, PROC MIXED REPEATED
MEASURE ANOVA, and PROC LOGISTIC. Descriptive statistics were derived from a
univariate procedure. To compare the means and find the differences in the means
between the groups, t-statistics were performed for continuous data, and Chi-square tests
were used to compare the difference in proportions of categorical data. A multiple group
comparison was performed by repeated measure ANOVA PROC MIXED. To estimate
the correlation coefficience for a linear regression model, GLM procedure and REG
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procedures were performed. To build the prediction model, multiple logistic regressions
through LOGISTIC procedure were used.
The first aim of this research study was to describe the characteristics of CPI in
postoperative CABG patients with DVWR. To address this specific aim, study
descriptive statistics were used to aid in describing and summarizing the sample by
individual demographic variables, clinical variables, and CPI in postoperative CABG
patients with DVWR. The procedures used for this purpose were PROC UNIVARIATE,
PROC FREQ, unpaired t-test and Chi-square test. The descriptions were presented as
frequencies, percentages, means, standard deviations, t-score, p-value, and trend line
graphs. To perform the descriptive statistics the patients who were extubated after 12
hours of surgery were grouped as DVWR and coded as 1. Then the CPI values of this
group were analyzed by the SAS program’s univariate procedure to explore each variable
in a data set separately.
To describe the characteristics of CPI in postoperative CABG patients with
NVWR, descriptive statistics were used to aid in describing and summarizing the sample
by individual CPI in postoperative CABG patients with NVWR. They included
frequencies, percentages, means, standard deviations, and ranges. To perform the
descriptive statistics, the patients who were extubated after 8 hours of surgery were
grouped as DVWR. Then a SAS program univariate procedure was used to explore each
variable in the data set separately and analyzed CPI values for cases and controls. From
this analysis, the estimation of sample mean, standard error of the mean, t–score, p–value,
and trend graph were generated and presented for individual CPI in postoperative CABG
patients with DVWR.
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The second aim of this research study was to find the differences in the
characteristics of CPI between postoperative CABG patients with DVWR and NVWR.
The samples of DVWR and NVWR were independent, and the data points in one group
were unrelated to the data points in the other group. Therefore, to address this specific
aim of the research study, the researcher performed an unpaired t-test to find the
differences in means of the individual CPI between the two groups. To perform the
unpaired t- test, the t-test procedure from a SAS program was used. The t-test procedure
by default examined the hypothesis of equal variances and provides t-statistics for CPI
in postoperative CABG patients with DVWR and NVWR. From this procedure, means
of the samples, standard deviations of the samples, pooled estimates of the standard
deviations, sizes of the samples, degrees of freedom (n1 + n2 – 2), t-statistics values,
and p-values were generated. Next, the researcher tested whether the population mean
of the first sample was the same as or different from the mean of the second sample. A
null and alternative hypothesis was formulated. Then, the pooled variance estimation
was computed using a weighted average of the individual sample variances.
Next, the differences in the distribution of demographic variables and
comorbidities were assessed through a PROC FREQ Chi-square test. Further, the
comparison between cases and controls, including CPI and demographic variables and
comorbidities, was made through PROC MIXED REPEATED MEASURE ANOVA.
The third aim of this research study was to build a prediction model for DVWR
among postoperative CABG patients with significant antecedence. To address this
specific aim, the researcher utilized the multiple logistic regression model, including all
the possible CPI and confounding variables. To perform the multiple logistic
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regressions, the researcher used the LOGISTIC procedure in a SAS program. The goal
of logistic regression was to find the best fitting model to describe the relationship
between the dichotomous characteristic of interest, which is DVWR, and a set of
independent predicting variables. Logistic regression generates the coefficients (and its
standard errors and significance levels) of a formula to predict a logit transformation of
the probability of the presence of the characteristic of interest:

where p was the probability of presence of the characteristic of interest. The logit
transformation is defined as the logged odds:
Odds = P/ 1-P = Probability of presence of characteristic/Probability of absence of
characteristic; and logit (p) = ln (p/ 1-p).

Parameter estimation in a logistic regression chose the parameters that maximized
the likelihood of observing the sample values. From this procedure, the maximum
likelihood estimation of DVWR was estimated as odds after transforming the dependent
into a logit variable (the natural log of the odds of the dependent occurring or not). In this
way, logistic regression estimates the probability of a DVWR occurring. A stepwise
procedure with the combination of forward selection and backward elimination was
performed for all the CPI and possible confounding factors.

Testing overall model fitness: The null model-2 Log Likelihood is given by -2 *
ln(L0) where L0 is the likelihood of obtaining the observations if the independent
variables had no effect on the outcome. The full model-2 Log Likelihood is given by -2 *
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ln(L) where L is the likelihood of obtaining the observations with all independent
variables incorporated in the model. The difference between these two yields a Chisquare statistic, which is a measure of how well the independent variables affect the
outcome or dependent variable. If the p-value for the overall model fit statistic is less than
the conventional 0.05, then there is evidence that at least one of the independent variables
contributes to the prediction of the outcome.

Regression coefficients: The regression coefficients are the coefficients b0, b1,
b2, ... bk of the regression equation:

An independent variable with a regression coefficient not significantly different
from 0 (P > 0.05) can be removed from the regression model. If P < 0.05, then the
variable contributes significantly to the prediction of the outcome variable. The logistic
regression coefficients show the change (increase when bi > 0, decrease when bi < 0) in
the predicted log odds of having the characteristic of interest for a one-unit change in the
independent variables. Odd ratios with 95% CI were computed by taking the exponential
of both sides of the regression equation as given above; the equation can be rewritten as:

The next step was to assess the effectiveness of the model by a classification table.
The classification table is used to evaluate the predictive accuracy of the logistic
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regression model. In this table, the observed values for the dependent outcome and the
predicted values (at a cut-off value of p = 0.30) were cross-classified.

Quality Control
The accuracy of data collection was monitored by the researcher and by the
committee director, Dr. Carol Thompson. The collected data were verified against the
medicals record by the Mid-South hospital informatics.

Data Management and Safety Monitoring Plan
This research study did not involve risk to the human subjects, but it was
responsibility for maintaining Health Insurance Portability and Accountability Act
(HIPAA) policy. To maintain HIPAA policy, the collected data were stored in the
researcher’s personal computer, and the confidentiality of the data was maintained by
coding the data. The assigned code and subjects’ identification were stored in a secured
system by the researcher. In addition, the sponsor, Dr. Carol Thompso, monitored the
data biweekly. The dissertation committee monitored the research protocol and progress
of the study.

Protection of Human Subjects
This research study utilized pre-existing data from the medical records of all
patients who underwent coronary artery bypass graft (CABG) surgery in the selected
Mid-South hospital. Although this research study did not involve risk to the subjects, it
had an inherent responsibility to comply with the Health Insurance Portability and
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Accountability Act (HIPAA) policy. The researcher observed the standards
recommended by the Health Insurance Portability and Accountability Act of 1996
(HIPAA) and the Mid-South hospital policy in protecting the identifiers of protected
health information (PHI).
In addition, the researcher followed the HIPAA policy for the Mid-South hospital
in accessing, storing, handling, and sharing the data. For the purposes of maintaining the
privacy of individual patients, the researcher assigned a code for all individual cases and
restricted access to the researcher’s computer systems using passwords. All personal
identifiers were removed from the data to protect confidentiality of the subjects. A master
key that linked to the PHI and the code number was maintained in a separate and secured
location, and access was strictly restricted by using computer passwords. Individual
subjects will not be identified in any presentations or publications based on the results of
this research study.
All variables in the extracted data that reveal the identity of individuals were
removed prior to entering data in the researcher’s extraction form in the computer. The
research record and data were labeled with code numbers.
The code and definitions of code were stored in the Mid-South hospital computer
system to ensure the protection of subjects’ confidentiality with the adherence to the
HIPAA policy of the Mid-South hospital. The access to the research data was strictly
controlled by the researcher through a designated security PIN. The computer was
secured and maintained locked with a password. Printed materials that contained research
data were shredded as per the Mid-South hospital policy.
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CHAPTER 4: RESULTS

A retrospective case control study was conducted to determine the predictive
values of cardiopulmonary indicators (CPI) in the prediction of dysfunctional ventilator
weaning response (DVWR) after coronary artery bypass graft (CABG) surgery. The
purposes of the study were to describe the characteristics of CPI among patients with
normal ventilator weaning response (NVWR) and DVWR after CABG surgery, to find
the differences in characteristics of cardiopulmonary indicators between patients with
NVWR and DVWR after CABG surgery, and to build a prediction model for DVWR.
To accomplish the purposes of the research study, a case control study with time series
design was adopted. The CPI measurements were collected on an hourly basis for 12
hours postoperatively for cases and controls through the retrospective electronic patient
file system audit. The data were entered in the data extraction Excel spreadsheet and
imported into SAS for statistical analysis. The inferential statistics included preplanned
comparisons between cases and controls involving study variable CPI.

Sample Description
Three hundred electronic medical records of patients who underwent CABG
surgery between May 2003 and February 2006 and who met the inclusion and exclusion
criteria were selected. Among the 300 subjects, 100 subjects constituted the case group
and 200 subjects constituted the control group. One subject in the case group was
excluded from data analysis due to extreme missing data. As a result, the total study
sample consisted of 99 cases and 200 controls. The researcher collected data for 12
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consecutive postoperative periods, and utilized all 12 hours of data for descriptive
statistics in description of the study sample. Further, the researcher utilized only the first
8 hours data for inferential statistics in accordance with the definition of DVWR.
To describe the characteristics of CPI in patients with DVWR and NVWR after
CABG surgery, descriptive statistics were used for individual demographic variables and
CPI in both case and control groups. PROC UNIVARIATE and PROC FREQ procedures
were used to describe all variables. To perform the descriptive statistics, the patients who
were extubated within 8 hours of surgery were grouped as NVWR (controls) and the
patients who were extubated after 8 hours were grouped as DVWR (cases). The
demographic variable age was divided into three groups as group 1 (33–52 years), group
2 (53–72 years), and group 3 (73–92 years) for the purpose of description.
The SAS program PROC FREQ, which analyzes each variable in a data set
separately, was used to analyze the demographic variables of both groups. A summary of
frequencies and percentages of demographic variables are presented in Table 4.1. Next,
demographic variables and CPI values were analyzed by a univariate procedure. From
this procedure the mean and standard deviation for each individual variable was
generated and will be presented in table form later. The hourly means of the CPI were
plotted in line graphs for both cases and controls to depict and described the trend of the
variables.
Age was included in the analysis as actual numbers and for the purpose of
meaningful description the descriptive findings were presented as three groups, which
included group 1 (33–52 years), group 2 (53–72 years), and group 3 (73–92 years).
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Table 4.1.

Frequency and Percentage of Subjects in Demographic Categories.

Demographic Category

Controls (n = 200)
Frequency/Percentage

Cases ( n = 99)
Frequency/ Percentage

Age (Years)
33 – 52
53 – 72
73 - 92

45 (22.5%)
120 (60.00%)
35 (17.50%)

17 (17.17%)
53 (53.54%)
29 (29.29%)

Sex
Male
Female

146 (73%)
54 (27%)

58 (58.59%)
41 (41.41%)

10 (5%)
4 (2%)
4 (2%)

21 (21.21%)
12 (12.12%)
4 (4.04%)

Comorbidities
COPD
CHF
Renal failure

Note.
COPD: chronic obstructive pulmonary disease
CHF: congestive heart failure
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The study sample consisted of subjects who ranged in age from 33 years to 91
years. The mean age of the subjects in the case group was 64.28 ± 11.45 years. The mean
age of the subjects in the control group was 61.8 ± 11.05 years.
The majority of the study sample consisted of 204 male subjects (68.23%); the
number of female patients was 95 (31.77%). The case group consisted of 58 (58.59%)
males, and the control group consisted of 146 (73%) males.
Comorbid conditions that were included in this study were COPD, CHF, and renal
disease. The total number of subjects who had comorbid conditions was 55 (18.39%).
The subjects who had COPD constituted the majority at 31 (10.37%); the number of CHF
subjects was 16 (5.35%), and the number of renal failures was 8 (2.68%).

Number of grafts: The number of grafts ranged from 1 to 6. The number of
subjects who had one graft in cases was 6 (6.06%), and in controls 7 (3.52%). The
number of subjects who had two grafts in cases was 13 (13.13%), and in controls 38
(38.38%). The number of subjects who had three grafts in cases was 38 (38.38%), and in
controls 75 (37.69%). The number of subjects who had four grafts in cases was 30
(30.30%) and in controls 53 (26.63%). The number of subjects who had five grafts in
cases was 10 (10.10%), and in controls 20 (10.05%). The number of subjects who had 6
grafts in cases was 2 (2.02%) and in controls 6 (3.02%). In this study, the majority of the
subjects had three grafts (38% in cases and controls).
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The total number of hours in ventilation: The range of the total ventilator hours
in cases was 8.30 to 349 hours and in controls 1.35 to 8 hours. The average hours in
ventilation in the control group was 4.51 ± 1.58 hours.

Body surface area: Body surface area (BSA) was estimated from the CO and CI
values, as this data was not available. Although BSA was calibrated in the SVO2 monitor,
it was not recorded in the nursing notes. Mean BSA in the case group was 1.96, with a
standard deviation of 0.249. Mean BSA in the control group was 2.028, with a standard
deviation of 0.245.

Post operative ventilator settings and medications: The ventilator setting was
common for all the patients during the weaning process. The setting was SIMV mode
ventilation with FIO2 40%, pressure support of 10 cm of H2O, PEEP of 5 cm of H2O. The
use of sedation was common for all patients in the study sample. The choice of sedation
was precedex continuous infusion and morphine whenever necessary. The postoperative
use of dobutamine to titrate for cardiac index of 2 liters was common for all the subjects.
The vasodilator nipride was used as the PRN drug of choice to treat hypertension in all
the subjects. The cardiac monitors, monitoring techniques, and weaning protocol were
common for both case and control groups.

Results of Cardiopulmonary Indicators
After coronary artery bypass surgery, the first research question of this research
study was: What are the characteristics of cardiopulmonary indicators in patients with
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dysfunctional ventilator weaning response and normal ventilator weaning response?
Cardiopulmonary indicators values were analyzed by a univariate procedure. From this
procedure the mean and standard deviation for each individual variable was generated.
The hourly means of the CPI were plotted in line graphs for both cases and controls to
depict and describe the trend of the variables.

Heart rate: The average heart rate during the first 8 postoperative hours for cases
was 94.67 per minute and for controls was 93.64 per minute. The hourly mean and
standard deviation for cases and controls are presented in Table 4.2. The mean HR ranged
from 93.01 to 96.73 in cases and from 90.84 to 95.01 in controls. The mean heart rate
trend showed that the heart rate was higher in cases during the first 3 hours (Figure 4.1).
An upward tend was noted in both cases and controls during the first 3 hours. In addition,
a downward trend occurred in mean heart rate during fifth, sixth, seventh and eighth
hours among cases, while there was a plateau in controls.

Mean arterial pressure: The average MAP during the first 8 postoperative hours
for cases was 78.28 mm/Hg and for controls 79.59 mm/Hg. The hourly means and
standard deviations for cases and controls are presented in Table 4.3. The trend of mean
MAP showed that there was a downward trend in MAP from first hour to sixth hour in
both case and control groups, MAP stabilized at seventh and eighth hour (Figure 4.2).
Overall, MAP in the control group was higher than in the case group.

57

Table 4.2.
Controls.

Means and Standard Deviations of Heart Rate (HR) for Cases and
Cases
Mean & Standard
Deviation
94.24 (16.11)
96.42 (17.84)
96.73 (15.93)
94.27 (14.78)
95.37 (15.13)
93.85 (13.91)
93.01 (14.62)
93.45 (14.20)
92.37 (13.8)
92.57 (14.34)
90.85 (13.02)
91.48 (11.73)

Hour
1
2
3
4
5
6
7
8
9
10
11
12

Controls
Mean & Standard
Deviation
90.84 (13.89)
93.03 (14.05)
94.13 (13.84)
95.01 (13.73)
94.39 (13.96)
94.59 (13.55)
94.31 (15.02)
92.78 (13.59)
92.51 (12.82)
92.10 (13.01)
90.41 (12.85)
91.72 (12.7)

Mean Heart Rate

98
96
94
Cases

92

Controls

90
88
86
1

2

3

4
5
Hours

6

Figure 4.1. Mean Heart Rate Trend.
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Table 4.3. Means and Standard Deviations of Mean Arterial Pressure for Cases
and Controls.
Cases
Mean & Standard
Deviation
82.64 (13.89)
81.20 (13.44)
79.19 (10.71)
77.97 (11.25)
76.43 (12.13)
77.15 (13.53)
75.77 (11.15)
75.91 (13.52)
75.21 (10.28)
73.62 (9.26)
75.12 (10.42)
76 (10.07)

Hour

Mean Arterial Pressure mm/Hg

1
2
3
4
5
6
7
8
9
10
11
12

Controls
Mean & Standard
Deviation
83.90 (12.48)
79.76 (11.9)
79.92 (10.24)
80.41 (10.76)
79.75 (10.44)
79.10 (10.34)
77.32 (9.61)
76.59 (10.82)
74.68 (7.92)
75.06 (8.85)
75.64 (8.66)
74.83 (7.11)

86
84
82
80
78
76

Cases

74

Controls

72
70
1

2

3

4
5
Hours

6

Figure 4.2. Mean Arterial Pressure Trend.
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Central venous pressure: The average CVP during the first 8 postoperative
hours for cases was 10.75 cm/H2O and for controls 10.32 cm/ H2O. The hourly means
and standard deviations for cases and controls are presented in Table 4.4. The trend of
CVP showed that CVP in cases was lower in first hour than CVP in controls (Figure 4.3).
However, CVP in cases showed an upward trend from second hour. The overall trend
showed that CVP in cases was higher than in controls from second to eighth hour.

Respiratory rate: Average RR during the first 8 postoperative hours for cases
was 14.47 per minute and for controls 16.96 per minute. The hourly means and standard
deviations for cases and controls are presented in Table 4.5. The trend of RR showed that
there was an upward trend from the first hour to the eighth hour in both cases and
controls. The overall respiratory rate was higher in controls than cases (Figure 4.4).

Oxygen saturation: The average SPO2 during the first 8 postoperative hours for
cases was 98.29% and 98% for controls. The hourly means and standard deviations for
cases and controls are presented in Table 4.6. The trend showed that the SPO2 of the
cases was higher than controls for the first 3 hours, but there was a downward trend in
cases from fourth hour. The trend of SPO2 in controls showed stability for first 3 hours
and a downward trend at fourth hour, followed by a stable SPO2 for the next 4 hours.
Overall, the SPO2 showed a downward trend at the fourth hour in both cases and controls.
Although the SPO2 of cases was higher than controls, the SPO2 of controls showed a
more stable trend than the cases (Figure 4.5).
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Table 4.4. Means and Standard Deviations of Central Venous Pressure for Cases
and Controls.
Cases
Mean & Standard
Deviation
10.47 (3.90)
10.85 (3.77)
10.87 (3.71)
11.20 (3.81)
10.96 (3.48)
10.44 (3.62)
10.59 (4.55)
10.61 (4.24)
10.70 (2.8)
10.27 (2.67)
10.09 (2.58)
11.1 (2.87)

Hour

Mean Central Venous Pressure CM/H2O

1
2
3
4
5
6
7
8
9
10
11
12

Controls
Mean & Standard
Deviation
12.03 (4.68)
10.29 (3.73)
10.14 (3.60)
10.58 (3.72)
10.58 (3.60)
9.92 (2.69)
9.46 (3.67)
9.56 (3.97)
9.28 (2.53)
9.63 (2.76)
9.68 (2.66)
10.01 (2.65)

14
12
10
8

Cases

6

Controls

4
2
0
1

2

3

4
5
Hours

6

7

Figure 4.3. Mean Central Venous Pressure Trend.
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Table 4.5.
Controls.

Means and Standard Deviations of Respiratory Rate for Cases and
Cases
Mean & Standard
Deviation
12.20 (4.73)
13.31 (5.16)
14.25 (5.62)
14.83 (5.87)
15.08 (5.24)
15.51 ( 5.67)
15.45 (5.99)
15.16 (5.41)
15.57 (4.69)
16.5 (5.42)
16.78 (4.25)
17.28 (4.69)

Hour
1
2
3
4
5
6
7
8
9
10
11
12

Controls
Mean & Standard
Deviation
12.94 (4.61)
15.19 (5.82)
16.16 (5.16)
17.03 (4.98)
17.58 (4.61)
18.67 (4.49)
18.96 (4.17)
19.14 (4.01)
19.12 (3.47)
19.09 (3.17)
19.19 (3.04)
18.92 (2.71)

Mean Respiratory Rate /min

25
20
15
10

Cases
Controls

5
0
1

2

3

4

5

6

Hours

Figure 4.4. Mean Respiratory Rate Trend.
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Table 4.6.
Controls.
Hour

Mean Oxygen Saturation %

1
2
3
4
5
6
7
8
9
10
11
12

Means and Standard Deviations of Oxygen Saturation for Cases and
Cases
Mean & Standard
Deviation
98.54 (2.10)
98.24 (2.10)
98.60 (1.89)
98.71 (1.91)
98.35 (2.05)
98.18 (2.50)
97.87 (2.93)
97.82 (2.38)
97.79 (2.49)
97.21 (2.99)
97.04 (2.38)
97.62 (2.41)

Controls
Mean & Standard
Deviation
98.25 (2.33)
98.17 (2.33)
98.21 (2.36)
98.07 (2.28)
97.65 (2.38)
97.64 (2.27)
97.74 (2.15)
97.50 (2.39)
96.78 (2.99)
96.81 (2.29)
97.19 (2.94)
97.39 (2.27)

99
98.5
98
97.5

cases
control

97
96.5
1

2

3

4
5
Hours

6

Figure 4.5. Mean Oxygen Saturation Trend.
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Cardiac output: The average CO during first 8 postoperative hours for cases was
5.2 liter per minute and for controls was 5.7 liter per minute. The hourly mean and
standard deviations for cases and controls are presented in Table 4.7. The CO means
ranged from 5.07 to 5.50 in cases and 5.37 to 6.04 in controls. The trend of CO showed
that there was an upward trend in both cases and controls from first hour to sixth hour
and a plateau at seventh and eighth hour. The mean CO of controls was higher than cases
throughout the trend (Figure 4.6).

Cardiac index: The average CI during the first 8 postoperative hours for cases
was 2.6 and 2.85 liters per minute for controls. The hourly means and standard deviations
for cases and controls are presented in Table 4.8. The mean CI ranged from 2.53 to 2.78
liters per minute in cases and 2.64 to 2.96 liters per minute in controls. The trend of CI
showed that there was an upward trend in both cases and controls from the first hour to
the sixth hour and a downward trend at the seventh and eighth hour in controls. In cases,
there was a plateau in the seventh and eight hours. The mean CI of controls was higher
than cases throughout the trend (Figure 4.7).

Pulmonary artery diastolic pressure: The average PAD during the first 8
postoperative hours for cases was 16.66 mm/Hg and for controls 13.34 mm/Hg. The
hourly means and standard deviations for cases and controls are presented in Table 4.9.
Figure 4.8 shows the trend of PAD means for DVWR (cases) and NVWR (controls). The
trend reveals that the mean PAD pressure was the same for cases and controls during the
first hour. However, the mean PAD pressure for the cases remained higher than for the
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Table 4.7.
Controls.

Means and Standard Deviations of Cardiac Output for Cases and
Cases
Mean & Standard
Deviation
5.08 (1.28)
5.07 (1.56)
5.20 (1.48)
5.21 (1.46)
5.32 (1.62)
5.34 (1.30)
5.50 (1.40)
5.46 (1.40)
5.54 (1.26)
5.53 (1.19)
5.56 (1.23)
5.53 (1.26)

Hour

Mean Cardiac Output L/min

1
2
3
4
5
6
7
8
9
10
11
12

Controls
Mean & Standard
Deviation
5.37 (1.23)
5.45 (1.31)
5.59 (1.34)
5.68 (1.26)
5.6 (1.25)
6.04 (1.50)
5.86 (1.31)
5.89 (1.24)
5.74 (1.16)
5.74 (1.04)
5.71 (1.12)
6.11 (1.15)

6.2
6
5.8
5.6
5.4
5.2
5
4.8
4.6
4.4

cases
control

1

2

3

4

5

6

Hours

Figure 4.6. Mean Cardiac Output Trend.
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Table 4.8.
Controls.

Cases
Mean & Standard
Deviation
2.59 (0.6)
2.53 (0.6 )
2.63 (0.67)
2.67 (0.64)
2.70 (0.68)
2.72 (0.57)
2.78 (0.53)
2.76 (0.61)
2.72 (0.5)
2.79 (0.63)
2.82 (0.50)
2.87 (0.62)

Hour
1
2
3
4
5
6
7
8
9
10
11
12

Mean Cardiac Index L/min

Means and Standard Deviations of Cardiac Index for Cases and
Controls
Mean & Standard
Deviation
2.64 (0.59)
2.68 (0.6 )
2.76 (0.62)
2.79 (0.56)
2.80 (0.59)
2.9 (0.67)
2.89 (0.50)
2.93 (0.53)
2.84 (0.53)
2.85 (0.50)
2.81 (0.51)
3.03 (0.54)

3
2.9
2.8
2.7
2.6

cases

2.5

controls

2.4
2.3
1

2

3

4
5
Hours

6

Figure 4.7. Mean Cardiac Index Trend.
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Table 4.9. Means and Standard Deviation Pulmonary Artery Diastolic Pressure
for Cases and Controls.
Cases
Mean & Standard
Deviation
15.06 (5.52)
15.32 (4.7)
15.72 (4.87)
15.60 (4.62)
15.44 (4.65)
15.45 (4.89)
14.43 (4.69)
26.26 (4.8 )
14.27 (4.81)
13.81 (4.76)
13.88 (4.02)
14.38 (4.92)

Hour

Mean Pulmonary Artery Diastolic
Pressure mm/Hg

1
2
3
4
5
6
7
8
9
10
11
12

Controls
Mean & Standard
Deviation
14.63 (5.08)
14.47 (5.23)
14.34 (5.0)
13.74 (4.53)
13.04 (4.62)
12.40 (4.44)
12.07 (4.57)
12.03 (4.72)
12.46 (4.8)
11.63 (4.15)
12.70 (4.34)
12.59 (4.16)

30
25
20
15
10
Cases

5

Controls

0
1

2

3

4
5
Hours

6

7

8

Figure 4.8. Pulmonary Artery Diastolic Pressure Trend.
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control group throughout 8 hours, while the mean PAD of controls decreased during the
third, fourth, fifth, and sixth hours, followed by a plateau at the seventh and eighth hours.

Pulmonary artery systolic pressure: Average PASP during first 8 postoperative
hours for cases was 29.2 mm/Hg and for controls 28 mm/Hg. The hourly mean and
standard deviations for cases and controls are presented in Table 4.10. Figure 4.9 shows
the trend of mean PASP. It reveals that mean PASP in patients with DVWR (cases) was
higher than in patients with NVWR (control) for the first 3 hours. There was a gradual
increase in PASP in patients with NVWR from the fourth hour, and it remained higher
than in the cases from the fourth to the eighth hours.

Mixed venous oxygen saturation: The average SVO2 during first 8 postoperative
hours for cases was 69% and for controls 68%. The hourly mean and standard deviations
for cases and controls are presented in Table 4.11. The mean SVO2 ranged from 68% to
69.63% in cases and from 67.81% to 69.00% in controls. The mean SVO2 in cases was
higher than in controls (Figure 4.10). There was a downward trend in the first 3 hours in
cases, followed by an upward trend during the fourth, fifth, and sixth hours and a decline
in the seventh hour, followed by an upward trend in the eighth hour. In controls, there
was a downward trend during the first 2 hours and an upward trend during the third and
fourth hour, followed by a downward trend during the fifth and sixth hours and a plateau
during the seventh and eighth hours.
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Table 4.10. Means and Standard Deviations of Pulmonary Artery Systolic Pressure
for Cases and Controls.
Cases
Mean & Standard
Deviation
28.65 (8.06)
28.90 (8.10)
29.65 (7.69)
29.34 (7.93)
29.30 (7.14)
29.77 (7.69)
29.04 (7.63)
28.98 (8.03)
30.16 (8.08)
29.77 (8.28)
29.64 (7.56)
30.27 (7.53)

Mean pulmonary Artery Systolic
Pressure mm/Hg

Hour
1
2
3
4
5
6
7
8
9
10
11
12

Controls
Mean & Standard
Deviation
27.69 (8.45)
28.19 (7.5 )
29.02 (7.57)
29.32 (7.61)
29.84 (7.8 )
29.86 (7.63)
29.10 (7.39)
29.28 (8.18)
29.61 (8.61)
28.42 (7.55)
29.59 (7.28)
30.28 (7.30)

30.5
30
29.5
29
28.5
28
27.5
27
26.5

Cases
Controls
1

2

3

4
5
Hours

6

7

8

Figure 4.9. Mean Pulmonary Artery Systolic Pressure Trend.
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Table 4.11. Means and Standard Deviations of Mixed Venous Oxygen Saturation
for Cases and Controls.
Cases
Mean & Standard
Deviation
69.56 (7.91)
68.69 (6.44)
68.04 (7.34)
68.25 (7.29)
69.26 (7.12)
69.15 (7.28)
68.46 (7.09)
69.63 (6.54)
68.9 (6.26)
69.65 (5.96)
70.58 (5.37)
69.33 (6.33)

Hour

Mixed Venous Oxygen %

1
2
3
4
5
6
7
8
9
10
11
12

Controls
Mean & Standard
Deviation
69.00 (7.50)
68.01 (7.64)
68.34 (7.13)
68.40 (6.81)
68.16 (7.14)
67.81 (7.04)
68.32 (6.19)
68.29 (6.21)
68.45 (6.38)
68.84 (7.15)
67.97 (6.07)
67.66 (5.37)

70
69.5
69
68.5
68
cases

67.5

controls

67
66.5
1

2

3

4
5
Hours

6

7

Figure 4.10. Mean Mixed Venous Oxygen Trend.
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Differences in the Characteristics of Cardiopulmonary Indicators
The second research question of this research study was: In patients after coronary
artery bypass surgery, what are the differences in the characteristics of cardiopulmonary
indicators in patients with dysfunctional ventilator weaning response and normal
ventilator weaning response?
To answer the above research question, the researcher found the differences in the
characteristics of CPI between DVWR (cases) and NVWR (controls) by performing an
unpaired t-test. The results are displayed in tables later.
The differences in the mean heart rate were established by performing an unpaired
t-test comparing the hourly mean of heart rate in cases and controls. The result is
displayed in Table 4.12. The result revealed that there were no significant differences in
the hourly mean heart rate between cases and controls except at the first hour (p = 0.05).
Differences in the mean MAP were established by performing an unpaired
t-test comparing the hourly mean of MAP in case and control groups. The results are
displayed in Table 4.13 and revealed no significant differences in the hourly mean MAP
between cases and controls except at the fifth hour (p = 0.01).
The differences in the mean CVP were established by performing an unpaired
t-test comparing the hourly mean of the CVP in cases and controls. The result displayed
in Table 4.14 revealed that there were no significant differences between cases and
controls in the hourly mean CVP of first, second, fourth, fifth, and sixth hours. However,
there was a significant difference between cases and controls in the mean CVP at the
third hour (p = 0.05), the seventh hour (p = 0.004), and the eighth hour (p = 0.01).
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Table 4.12. Differences between Cases and Controls in Mean Heart Rate per
Minute.
Differences in
Mean Heart Rate
(Unpaired t-test)
1
- 1.89
2
- 1.66
3
- 1.46
4
0.43
5
- 0.56
6
0.45
7
0.73
8
- 0.41
Note. * = Statistically significant

P-Value

Hour

0.05*
0.09
0.14
0.66
0.57
0.65
0.46
0.68

Table 4.13. Differences between Cases and Controls in Mean Arterial Pressure in
mm/Hg.
Differences in
P-Value
Hour
Mean Arterial
Pressure
(Unpaired t–test)
1
0.82
0.41
2
0.94
0.33
3
0.58
0.55
4
1.88
0.06
5
2.58
0.01*
6
1.44
0.15
7
1.31
0.16
8
0.52
0.06
Note. * = Statistically significant
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Table 4.14. Differences between Cases and Controls in Mean Central Venous
Pressure in cm/H2O.
Differences in
P-Value
Mean Central
Venous Pressure
(Unpaired t–test)
1
1.77
0.07
2
- 1.37
0.17
3
- 1.9
0.05*
4
- 1.55
0.12
5
- 0.99
0.32
6
- 1.34
0.18
7
- 2.88
0.04*
8
- 2.59
0.01*
Note. * = Statistically significant
Hour

73

The differences in the mean RR were established by performing an unpaired
t-test comparing the hourly mean of RR in cases and controls. The result revealed no
significant difference in the mean RR between cases and controls at the first hour.
However, there was a significant difference between cases and controls in mean RR at all
the times (Table 4.15).
Differences in the mean SPO2 were established by performing an unpaired
t-test comparing the hourly means of SPO2 in cases and controls. The result displayed in
Table 4.16 revealed no significant difference in the hourly mean of SPO2 between cases
and controls except in the fourth, fifth, and sixth hour.
The differences in the mean CO were established by performing an unpaired t-test
comparing the hourly mean of CO in cases and controls. The result is displayed in Table
4.17. The result revealed that there was significant difference in the hourly mean of CO
between cases and controls.
The differences in the mean CI were established by performing an unpaired t-test
comparing the hourly mean of CI in cases and controls. The result displayed in Table
4.18 revealed significant difference in the hourly mean of CI between cases and controls
in the first, fifth, sixth, and eighth hour.
The differences in the mean PAD were established by performing an unpaired
t-test comparing the hourly mean of PAD in cases and controls. The result displayed in
Table 4.19 a revealed that there was significant difference in the hourly mean of PAD
between cases and controls in all the hours except the first and eighth hour.
The differences in the mean PASP were established by performing an unpaired
t-test comparing the hourly mean of PASP in cases and controls. The result displayed in
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Table 4.15. Differences between Cases and Controls in Mean Respiratory Rate per
Minute.
Differences in Mean
Respiratory Rate
(Unpaired t–test)
1
1.3
2
2.75
3
3.01
4
3.49
5
4.44
6
4.26
7
6.69
8
7.97
Note. * = Statistically significant

P-Value

Hour

0.19
0.006 *
0.002 *
0.006 *
< 0.0001*
< 0.0001*
< 0.0001*
< 0.0001*

Table 4.16. Differences between Cases and Controls in Mean Oxygen Saturation %.
Differences in
Mean Oxygen
Saturation
(Unpaired t–test)
1
- 0.45
2
- 0.27
3
-1.44
4
- 2.43
5
- 2.48
6
- 1.89
7
- 0.43
8
- 1.11
Note. * = Statistically significant

P-Value

Hour

0.65
0.78
0.15
0.01*
0.01*
0.05*
0.66
0.26
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Table 4.17. Differences between Cases and Controls in Mean Cardiac Output Liters
per Minute.
Differences in Mean
Cardiac Output
(Unpaired t – test)
1
1.96
2
2.25
3
2.34
4
2.99
5
2.19
6
4.26
7
2.52
8
3.01
Note. * = Statistically significant

P-Value

Hour

0.02*
0.01*
0.003*
0.02*
0.04*
< 0.0001*
0.01*
0.002*

Table 4.18. Differences between Cases and Controls in Mean Cardiac Index Liters
per Minute.
Differences in Mean
Hour
Cardiac Index
(Unpaired t–test)
1
2.12
2
1.64
3
1.67
4
1.59
5
1.27
6
3.11
7
1.77
8
2.45
Note. * = Statistically significant

P-Value
0.03*
0.10
0.09
0.20
0.002*
0.002*
0.07
0.01*
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Table 4.19. Differences between Cases and Controls in Mean Pulmonary Artery
Diastolic Pressure in mm/Hg.
Differences in Mean
Pulmonary Artery
Diastolic Pressure
(Unpaired t–test)
1
- 0.67
2
- 1.36
3
- 2.26
4
- 3.30
5
- 4.20
6
- 5.42
7
- 4.17
8
- 1.82
Note. * = Statistically significant

P-Value

Hour

0.17
0.02*
0.001*
< 0.0001*
< 0.0001*
< 0.0001*
< 0. 0001*
0.06
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Table 4.20 revealed no significant difference between cases and controls in the hourly
mean of PASP.
The differences in the mean SVO2 were established by performing an unpaired
t-test comparing the hourly means of SVO2 in cases and controls. The result displayed in
Table 4.21 revealed no significant difference between cases and controls in the hourly
mean of SvO2.
In summary, all the cardiopulmonary indicators showed significant differences
between cases and controls except pulmonary artery systolic pressure (Figure 4.11). The
earliest differences were noted as early as first hour in heart rate, cardiac output, cardiac
index, and pulmonary artery diastolic pressure. The CPI that showed consistent
differences included CVP, RR, CO, CI, and PAD.

Prediction Model
The third research question of this research study was: What is the best predictive
model for DVWR after CABG surgery? To build the prediction model, a multiple logistic
regression analysis was performed using a logistic procedure with stepwise selection
method. The first consideration in this procedure was multicollinearity. Multicollinearity
can be a problem in logistic regression models because of strong correlations between
independent variables, which can inflate the variances of the parameter estimates.
Therefore, it is imperative to control this problem. In order to identify the
multicollinearity of the CPI, a diagnostic procedure was performed by a linear regression
analysis through REG procedure with option VIF TOL in SAS. Through this procedure,
tolerance and inflation factors were examined for each explanatory variable. First, the
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Table 4.20. Differences between Cases and Controls in Mean Pulmonary Artery
Systolic Pressure in mm/Hg.
Differences in Mean P-Value
Pulmonary Artery
Hour
Systolic Pressure
(Unpaired t – test)
1
- 0.95
0.34
2
- 0.73
0.46
3
- 0.68
0.49
4
- 0.02
0.98
5
0.58
0.56
6
0.10
0.92
7
0.07
0.94
8
0.29
0.77
Note. * = Statistically significant

Table 4.21. Differences between Cases and Controls in Mean Mixed Venous
Oxygen Saturation %.
Differences in Mean P-Value
Mixed Venous
Oxygen Saturation
(Unpaired t–test)
1
- 0.60
0.55
2
- 0.83
0.40
3
0.34
0.73
4
0.18
0.85
5
- 1.25
0.21
6
-1.53
0.12
7
-0.17
0.86
8
-1.73
0.08
Note. * = Statistically significant
Hour
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VARIABLE/
TIME
( HOUR)
HR
MAP
CVP
RR
SPO2
CO
CI
PAD
PASP
SVO2

1

2

3

4

5
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8
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×
×

×
×

×
×

×
×

×

×
×

×

×
×
×

×
×

×
×
×

×

×

×
×

×
×
×

×

×
×

×

×

×
×
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×

×

×

×
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×
×
×

×
×
×
×
×

×

×

Figure 4.11. Cardiopulmonary Indicators’ Significant Differences over Time.
Note. × - significant difference at p < 0.05
HR: heart rate
MAP: mean arterial pressure
CVP: central venous pressure
RR: respiratory rate
SPO2: oxygen saturation
CO: cardiac output
CI: cardiac index
PAD: pulmonary diastolic pressure
PASP: pulmonary artery systolic pressure
SVO2: mixed venous oxygen saturation
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Pearson correlation coefficient matrix of the CPI was generated through the REG
procedure. The Pearson correlation coefficient matrix showing CPI that had significant
effect on DVWR is presented in the Table 4.22. The correlation matrix revealed that there
were significant correlations between CO, PAD, PASP, and MAP. MAP had significant
correlations with CO and PASP. RR was significantly correlated with CO and PASP. CO
had significant correlation with MAP and RR. PAD was significantly correlated with
PASP. Although p-value showed significance in correlations between the above variables,
all r-values were less than 0.5. So, next R-square method was used to detect the
multicollinearity.
Table 4.23 displays the regression model for all CPI variables. The R-square of
the model was = 0.2454, which indicated that the model was not over parameterized by
the collinearity. By rule of thumb, R-square ≤ 0.25 indicated that the model was free from
multicollinearity (187). Further, multicollinearity was tested through the VIF and
tolerance procedure.
Analysis of maximum likelihood estimates of CPI from the results of logistic
regressions analysis are displayed in Table 4.24. The result indicated the significant
predictors were MAP (p = 0.004), RR (p < 0.0001), and PAD (p = 0.0004). It implies that
MAP, RR, and PAD are statistically significant predictors of DVWR. Accordingly, the
prediction equation for DVWR can be derived using CPI from Table 4.24 as shown
below.
Probability of DVWR = P (X)/ 1- P(X) = e x
Where the x = - 1.72 – 0.06(MAP) – 0.19 (RR) + 0.23 (PAD).
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Table 4.22. Correlation Matrix for Cardio Pulmonary Indicators.
R Value
Mean MAP/
P-Value
Mean
MAP
Mean
RR
Mean
CO
Mean
PAD

R Value
Mean RR/
P-Value
-0.10068
P = 0.0822

R Value Mean
CO/
P-Value
-0.20052
P = 0.0005
0.20855
P = 0.0003

R Value
Mean PAD/
P-Value
0.02464
P = 0.6713
-0.05369
P = 0.3549
-0.07878
P = 0.1743

R Value
Mean PASP/
P-Value
-0.1166
P = 0.0439
0.21322
P = 0.0002
0.0856
P = 0.1398
0.25175
P < 0.0001

Note.
MAP: mean arterial pressure
RR: respiratory rate
CO: cardiac output
PAD: pulmonary diastolic pressure
PASP: pulmonary artery systolic pressure

Table 4.23. The Regression Model for Cardiopulmonary Indicators.
Source

DF

Model
7
Error
291
Corrected
298
Total
Note.
R-square: 0.2454
Adjusted R-square: 0.2273

Sum of
Square

Mean
Square

F-Value

P-Value

16.2517
49.96904
66.22074

2.32167
0.17171

13.52

< 0.0001
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Table 4.24. Analysis of Maximum Likelihood Estimates of Cardiopulmonary
Indicators.
Parameter

DF

Estimate

_____Standard____
Error
Chi-Square

Intercept
1
- 1.7277
8.8035
HR
1
0.0055
0.0126
MAP
1
- 0.0606
0.0211
CVP
1
0.0116
0.0571
RR
1
- 0.1971
0.0489
1
0.0546
0.0867
SPO2
CO
1
- 0.3810
0.2278
CI
1
0.2682
0.5365
PAD
1
0.2319
0.0661
PASP
1
- 0.0537
0.0365
1
0.0384
0.0275
SVO2
Note.
HR: heart rate
MAP: mean arterial pressure
CVP: central venous pressure
RR: respiratory rate
SPO2: oxygen saturation
CO: cardiac output
CI: cardiac index
PAD: pulmonary diastolic pressure
PASP: pulmonary artery systolic pressure
SVO2: mixed venous oxygen saturation
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0.0385
0.1921
8.2830
0.0410
16.2369
0.3969
2.7965
0.2499
12.3236
2.1688
1.9467

Wald
Pr >
Chi-Sq.
0.8444
0.6612
0.0040
0.8395
< .0001
0.5287
0.0945
0.6171
0.0004
0.1408
0.1629

Post Hoc Analysis
Based on the descriptive and inferential statistics and the findings, the researcher
performed a post hoc analysis in order to adjust for the extraneous variables associated
with the research problem. The extraneous variables included in this study were
demographic variables such as age, sex, and clinical variables such as BSA, number of
grafts, and history of COPD, CHF, and renal failure.
Although age had shown no significant differences in distribution, age was
included in the analysis as a covariate acknowledging the maturation effect of age on CPI.
Sex was included as a covariate in the post hoc analysis considering the occurrence of an
increased proportion of frequency distribution of female sex in the cases. Although BSA
was not a study variable, it was included in the analysis as a covariate considering the
effect of BSA in the CPI. Number of grafts was included as a covariate in the post hoc
analysis because of its effect on the postoperative recovery and acuity of the patient.
The comparison of the demographic variables and clinical variables including age,
sex, BSA, number of grafts, COPD, CHF, and renal failure between cases and controls
was performed through a Chi-square test and PROC MIXED ANOVA. The final
prediction model was built using logistic regression analysis by PROC LOGISTIC,
including demographic and clinical variables as covariates with CPI.

Chi-square test: To find the differences in the age groups between cases and
controls, a Chi-square test was performed. The analysis revealed that there was no
significant difference in age groups between cases and controls.
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To find the differences in the sex groups between cases and controls, a Chi-square
test was performed. The analysis revealed that there was a significant (p = 0.01)
difference in the distribution of sex between cases and controls. The relative risk
estimated through odds ratio for sex was 0.52, which is less than one. This result implies
that sex is not a significant risk factor for developing DVWR after CABG surgery.
To find the differences in the prevalence of comorbidities between cases and
controls, a Chi-square test was performed. The analysis revealed that there was no
significant difference in the prevalence of renal failure between cases and controls.
However, the prevalence of COPD showed a significant (p < 0.0001) difference between
cases and controls. Odds ratio of COPD was 5.11, which implies that the odds in favor of
DVWR for patients with COPD are 5.11 times higher than for patients without COPD.
In addition, the prevalence of CHF showed a significant (p = 0.0003) difference between
cases and controls. Relative risk was estimated through odds ratio of CHF was 6.75,
which implies that the odds in favor of DVWR for patients with CHF were 6.75 times
higher than for patients without CHF.
To describe the differences between cases and controls in the number of grafts, a
Chi-square test was preformed, which revealed that there was no significant difference in
the number of grafts between cases and controls.
A comparison was performed between cases and controls to detect the differences
in the means of BSA through an unpaired t-test. The analysis revealed no significant
difference in mean BSA.
In summary, results of the Chi-square test revealed no significant difference in the
demographic variables such as BSA, number of grafts, and renal failure among cases and
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controls. However, there were significant differences in the prevalence of COPD (p <
0.0001) and CHF (p = 0.0003) among cases and controls. In addition, there was a
significant difference (p = 0.01) in sex when comparing cases and controls. Further, Chisquare for age groups showed a significant (p = 0.05) difference between cases and
controls.

ANOVA procedure: Next, the effect of the demographic, clinical, and
comorbidity variables on CPI was tested through an ANOVA for a repeated- measures
model-based design using the PROC MIXED procedure of SAS including the above
variables as covariates in the analysis. The covariates in this analysis included age, sex,
BSA, number of grafts, COPD, CHF, and renal failure.
The first eight repeated measure means were generated for CPI values in eight
hourly time points for cases and controls. The comparison of group means was performed
using ANOVA for repeated measures through mixed procedure (PROC MIXED). This
procedure was selected because it is specifically designed for mixed effects models. In
addition, PROC MIXED procedure was selected to accommodate the following
considerations in analysis.
The first consideration was that this research data contained a considerable
amount of missing data. To address this issue, the PROC MIXED REPEATED
MEASURE ANOVA was selected, since it handles missing data and applies multiple
comparison procedures between and within subjects’ factors. Unlike other programs, the
PROC MIXED handles all of the technical details itself through a likelihood-based
estimation method. Further, it knows the proper way to construct its test statistics to
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account for the fixed and random nature of the study factors. In addition, it provides
many important, unique features such as provision for a larger class of covariance
structures and a better mechanism of handling missing data through estimates of
covariance by restricted maximum likelihood computations and comparisons.
The next consideration was to control for the effects of covariates on the outcome
variable. As this research study involved multiple covariates, controlling for their effect
was mandatory while addressing this research question. When assessing the nature of this
study data, CPI may be influenced by the effect of various covariates such as age, sex,
COPD, CHF, renal failure, BSA, and number of grafts. With repeated measures analysis
of variance, measurements made on the same subject are likely to be more similar than
measurements made on different individuals—that is, repeated measures are correlated.
For an analysis to be valid, the covariance among repeated measures must be modeled
properly. The PROC MIXED ANOVA for repeated measures computes LSMEANS
which are averaged across repeated measures and whose standard errors reflect the
appropriate covariance structure. The covariance structure used in this study was
compound symmetry (CS), which implies that the correlations between all pairs of
measures are the same. This process was accomplished through the PROC MIXED
repeated measures ANOVA program, in order to have control the effects of repeated
measures arising from different sets of conditions, such as the response to different
conditions.
The methods implemented in the PROC MIXED were based on an assumption of
normally distributed residuals and independent, constant variances across groups. The
PROC MIXED uses a restricted maximum likelihood-based estimation routine (REML)
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based on normal distribution theory and therefore does not compute or display sums of
squares, as observed with PROC GLM.
A null and alternative hypothesis was formulated as H0: All means are equal vs. at
least one means is different with alpha of 0.05. The restricted maximum likelihood-based
estimation routine (REML) uses a weighted average of the individual sample variances.
The results are presented below as ANOVA tables for all the CPI.
The ANOVA table (Table 4.25) showed no significant differences in the means of
heart rate between DVWR (cases) and NVWR (controls) groups. However, there was a
significant (p = 0.0005) difference in the effect of time on the heart rate means between
cases and controls. Age had a significant (p = 0.008) effect on HR. In contrast, covariates
such as, sex, BSA, CHF, COPD, renal failure, and number of grafts did not have a
significant effect on the heart rate means of cases and controls.
The ANOVA table (Table 4.26) showed no significant differences in the group
means of MAP between DVWR (cases) and NVWR (controls) groups. However, there
were significant differences in the effect of age (p = 0.0028) and sex (p = 0.0012) on the
group means of MAP between cases and controls. Covariates such as BSA, CHF, COPD,
renal failure, and number of grafts did not have a significant effect on the group means of
MAP cases and controls.
The ANOVA table (Table 4.27) showed no significant differences in the group
means of CVP between DVWR (cases) and NVWR (control) groups. However, there was
a significant (p < 0.0001) difference in effect of time on group means of CVP between
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Table 4.25. ANOVA Table for Heart Rate (HR) Beat per Minute Post Hoc.
Effect

Numerator Denominator F-Value
Pr > F
DF
DF
Case
1
290
1.4
0.2371
Hour
7
2079
3.88
0.0003
Case*Hour
7
2079
3.88
0.0003
Age
1
290
7.05
0.0083
Sex
1
290
0.86
0.3538
BSA
1
290
0.6
0.4404
CHF
1
290
0.13
0.7185
COPD
1
290
0.88
0.3499
Renal
1
290
0.04
0.8352
Grafts
1
290
1.57
0.2107
Note. Case*Hour means interaction of cases and controls with extubation time.
BSA: body surface area
CHF: congestive heart failure
COPD: chronic obstructive pulmonary disease

Table 4.26. ANOVA Table for Mean Arterial Pressure (MAP) mm/Hg Post Hoc.
Effect

Numerator Denominator
F-Value
Pr > F
DF
DF
Case
1
290
2.72
0.1001
Hour
7
2079
16.45
<.0001
Case*Hour
7
2079
1.61
0.1273
Age
1
290
9.1
0.0028
Sex
1
290
10.65
0.0012
BSA
1
290
2.74
0.0988
CHF
1
290
0.28
0.5978
COPD
1
290
1.94
0.1648
Renal
1
290
0.42
0.5186
Grafts
1
290
0.14
0.712
Note. Case*Hour means interaction of cases and controls with extubation time.
BSA: body surface area
CHF: congestive heart failure
COPD: chronic obstructive pulmonary disease
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Table 4.27. ANOVA Table for Central Venous Pressure (CVP) cm/H2O Post Hoc.
Effect

Numerator
Denominator
FPr > F
DF
DF
Value
Case
1
290
2.25 0.1346
Hour
7
2079
4.67 <.0001
Case*Hour
7
2079
4.52 <.0001
Age
1
290
0.85 0.3574
Sex
1
290
0.02 0.8851
BSA
1
290
4.09 0.044
CHF
1
290
0.07 0.7903
COPD
1
290
0.1
0.7573
Renal
1
290
0.18 0.6697
Grafts
1
290
3.72 0.0546
Note. Case*Hour means interaction of cases and controls with extubation time.
BSA: body surface area
CHF: congestive heart failure
COPD: chronic obstructive pulmonary disease
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cases and controls. Covariates such as age, sex, CHF, COPD, renal failure, and number
of grafts did not have a significant effect on heart rate means of cases and controls. There
was also a significant (p = 0.044) effect of BSA on the group means of CVP.
The ANOVA table (Table 4.28) showed significant (p < 0.001) differences in the
group means of RR between DVWR (cases) and NVWR (controls). In addition, there
were significant (p < 0.0001) difference in the effect of time on the group means of RR.
Further there were significant (p = 0.0086) differences in the effect of number of grafts
and BSA (p = 0.0028) on the group means of RR. Covariates such as age, sex, CHF,
COPD, and renal failure did not have a significant effect on the group means of
respiratory rate.
The ANOVA table (Table 4.29) showed a significant (p = 0.054) difference in the
group means of SPO2 between DVWR (cases) and NVWR (controls). In addition, there
were significant differences in the effect covariates such as age (p = 0.042), BSA (p =
0.0034), renal failure (p = 0.019), and number of grafts (p = 0.057) on the group means of
SPO2. However, covariates such as sex, CHF, and COPD, did not have a significant
effect on the group mean SPO2 of cases and controls.
The ANOVA table (Table 4.30) showed that there are significant (p = 0.03) differences in the group means of CO between DVWR (cases) and NVWR (control) groups. In
addition, covariates such as age (p = 0.015), sex (p < 0.0001), and BSA (p = 0.0001) had
a significant effect on the group means of CO. Other covariates such as CHF, COPD,
renal failure, and number of grafts did not have a significant effect on the group means of
CO.
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Table 4.28. ANOVA Table for Respiratory Rate (RR) per Minute Post Hoc.
Effect

Numerator
Denominator
F-Value
Pr > F
DF
DF
Case
1
290
32.51
< .0001
Hour
7
2079
50.99
< .0001
Case*Hour
7
2079
5.11
< .0001
Age
1
290
0.27
0.6065
Sex
1
290
0.01
0.9202
BSA
1
290
9.07
0.0028
CHF
1
290
0.1
0.9673
COPD
1
290
0.46
0.4997
Renal
1
290
0.15
0.7033
Grafts
1
290
7
0.0086
Note. Case*Hour means interaction of cases and controls with extubation time.
BSA: body surface area
CHF: congestive heart failure
COPD: chronic obstructive pulmonary disease

Table 4.29. ANOVA Table for Oxygen Saturation (SPO2) % Post Hoc.
Numerator
Denominator
Effect
DF
DF
F-Value
Pr > F
Case
1
290
3.74
0.0542
Hour
7
2079
3.96
0.0003
Case*Hour
7
2079
0.59
0.7625
Age
1
290
4.16
0.0423
Sex
1
290
0.01
0.9238
BSA
1
290
8.73
0.0034
CHF
1
290
0.58
0.4475
COPD
1
290
1.23
0.2682
Renal
1
290
5.51
0.0196
Grafts
1
290
3.64
0.0575
Note. Case*Hour means interaction of cases and controls with extubation time.
BSA: body surface area
CHF: congestive heart failure
COPD: chronic obstructive pulmonary disease
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Table 4.30. ANOVA Table for Cardiac Output (CO) Liter per Minute Post Hoc.
Effect

Numerator
DF

Denominator
DF

F-Value

Pr > F

Case
1
290
4.71
0.0308
Hour
7
2079
11.35
< .0001
Case*Hour
7
2079
1.23
0.2804
Age
1
290
5.94
0.0154
Sex
1
290
26.18
< .0001
BSA
1
290
42.34
< .0001
CHF
1
290
2.2
0.1395
COPD
1
290
0.94
0.3327
Renal
1
290
0.59
0.4436
Grafts
1
290
0.11
0.7385
Note. Case*Hour means interaction of cases and controls with extubation time.
BSA: body surface area
CHF: congestive heart failure
COPD: chronic obstructive pulmonary disease
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The ANOVA table (Table 4.31) showed significant (p = 0.03) differences in the
group means of CI between DVWR (cases) and NVWR (control) group. In addition,
covariates such as age (p = 0.016), sex (p < 0.0001), and BSA (p = 0.0001) had a
significant effect on the group means of CI. Other covariates such as CHF, COPD, renal
failure, and number of grafts did not have a significant effect on the group means of CI.
The ANOVA table (Table 4.32) showed significant (p = 0.0012) differences in the
group means of PAD between DVWR (cases) and NVWR (control) groups. In addition,
there was also a significant effect (p = 0.011) of time on the group means of PAD. Age
also had a significant effect on PAD (p = 0.04). In contrast, covariates such as sex, BSA,
CHF, COPD, renal failure, and number of grafts did not have significant effect on the
group means of PAD in cases and controls.
The ANOVA table (Table 4.33) showed no significant differences in the group
means of PASP between DVWR (cases) and NVWR (control) groups. However, there
were significant effects of covariates such as BSA (p = 0.0059), CHF (p = 0.0034), and
number of grafts (p 0.05) on the group means of PASP. Covariates such as age, sex,
COPD, and renal failure did not have a significant effect on the group means of PASP in
cases and controls.
The ANOVA table (Table 4.34) showed no significant difference in the group
means of SVO2 between DVWR (cases) and NVWR (controls). In addition, there was no
significant effect of time on the group means of SVO2 in cases and controls. Covariates
such as age, sex, BSA, CHF, COPD, renal failure, and number of grafts did not have a
significant effect on the group means SVO2 in cases and controls.
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Table 4.31. ANOVA Table for Cardiac Index (CI) Liter per Minute Post Hoc.
Effect

Numerator
DF

Denominator
DF

F-Value

Pr > F

Case
1
290
4.29
0.0391
Hour
7
2079
13.05
<.0001
Case*Hour
7
2079
1.1
0.3619
Age
1
290
5.87
0.016
Sex
1
290
17.53
<.0001
BSA
1
290
20.39
<.0001
CHF
1
290
2.53
0.1129
COPD
1
290
0.78
0.3765
Renal
1
290
0.86
0.3559
Grafts
1
290
1.28
0.2589
Note. Case*Hour means interaction of cases and controls with extubation time.
BSA: body surface area
CHF: congestive heart failure
COPD: chronic obstructive pulmonary disease

Table 4.32. ANOVA Table for Pulmonary Artery Diastolic Pressure (PAD) mm/Hg
Post Hoc.
Effect

Numerator
DF

Denominator
DF

F-Value

Pr > F

Case
1
290
10.66
0.0012
Hour
7
2079
1.63
0.1225
Case*Hour
7
2079
2.6
0.0113
Age
1
290
3.99
0.0467
Sex
1
290
0.04
0.8392
BSA
1
290
2.57
0.11
CHF
1
290
1
0.3184
COPD
1
290
0.19
0.666
Renal
1
290
0.05
0.8275
Grafts
1
290
0.01
0.9243
Note. Case*Hour means interaction of cases and controls with extubation time.
BSA: body surface area
CHF: congestive heart failure
COPD: chronic obstructive pulmonary disease
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Table 4.33. ANOVA Table for Pulmonary Artery Systolic Pressure (PASP) mm/Hg
Post Hoc.
Effect

Numerator
DF

Denominator
DF

F-Value

Pr > F

Case
1
290
0.03
0.8606
Hour
7
2079
2.75
0.0076
Case*Hour
7
2079
0.69
0.6811
Age
1
290
0
0.9673
Sex
1
290
1.46
0.2272
BSA
1
290
7.7
0.0059
CHF
1
290
8.71
0.0034
COPD
1
290
1.59
0.2087
Renal
1
290
0.28
0.5978
Grafts
1
290
3.86
0.0503
Note. Case*Hour means interaction of cases and controls with extubation time.
BSA: body surface area
CHF: congestive heart failure
COPD: chronic obstructive pulmonary disease

Table 4.34. ANOVA Table for Mixed Venous Oxygen Saturation (SVO2) % Post
Hoc.
Effect

Numerator
DF

Denominator
DF

F-Value

Pr > F

Case
1
290
1.26
0.2626
Hour
7
2079
1.52
0.1564
Case*Hour
7
2079
1.15
0.3259
Age
1
290
1.84
0.1758
Sex
1
290
0.13
0.7165
BSA
1
290
3.34
0.0686
CHF
1
290
2.03
0.1556
COPD
1
290
1.94
0.1649
Renal
1
290
0.06
0.8112
Grafts
1
290
1.87
0.1723
Note. Case*Hour means interaction of cases and controls with extubation time.
BSA: body surface area
CHF: congestive heart failure
COPD: chronic obstructive pulmonary disease
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Multicollinearity test: Tolerance and variance inflation factors (VIF) were
generated to diagnose the multicollinearity and are displayed in Table 4.35. Tolerance
and variance inflation factors (VIF) are two reciprocal parameters that can be used to
diagnose multicollinearity. Tolerance = 1 – R-square, where R-square is the coefficient of
determination for regression of that variable on all remaining variables. Low tolerance
values indicate high multivariate correlations (187). This model contained variables that
had tolerances ranging from 0.844 to 0.975, which indicated that there was no significant
multivariate correlation in this model. Further, the values of VIF exceeding 10 in larger
sample size and 2.5 in smaller sample size were regarded as indicating multicollinearity
(187). This model did not contain any variable with VIF more than 2.5, which indicated
that multicollinearity was not the problem.

Logistic regression procedure: This model included major confounding
variables such as age, sex, BSA, number of grafts, COPD, CHF, and renal diseases as
antecedence. Further, the researcher made a linearity assumption for performing a logistic
regression procedure. In order to assume linearity, the relationships between predictors
and the outcome variable should be linear; however, this study contained categorical
outcome variables that did not meet the linearity assumption. In order to achieve linearity,
the data was transformed by natural logarithm. The natural logarithm of the odds is called
the logit. The logit = lnP(x)/1- P(x). Logistic regression procedure was performed to
build a prediction model.
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Table 4.35. Parameter Estimates of Regression Model for Dysfunctional Ventilator
Weaning Response with Antecedence Post Hoc.
Variable

DF

Parameter
Estimate

Std. Error

T - Value

Tolerance

VIF

Intercept
1
1.88446
0.382
4.93
0
COPD
1
0.31798
0.079
3.99
0.975
1.025
CHF
1
0.3034
0.109
2.77
0.943
1.059
Mean MAP
1
- 0.009
0.003
- 2.45
0.935
1.069
Mean RR
1
- 0.04008
0.007
- 5.46
0.896
1.115
Mean CO
1
- 0.0635
0.025
- 2.45
0.901
1.109
Mean PAD
1
0.00755
0.002
2.65
0.916
1.091
Mean PASP
1
0.00002361
0.004
0.01
0.844
1.183
Note. Antecedence indicates significant predictors of dysfunctional ventilator weaning
response (DVWR).
COPD: chronic obstructive pulmonary disease
CHF: congestive heart failure
MAP: mean arterial pressure
RR: mean respiratory rate
CO: mean cardiac output
PAD: mean pulmonary diastolic pressure
PASP: mean pulmonary artery systolic pressure
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Stepwise procedure. A stepwise procedure with the combination of forward
selection and backward elimination was performed. The variables were selected into the
multiple regression models by using a stepwise procedure. The significant level of entry
is p-value < 0.05, and the significant level of elimination is p-value > 0.05. All the
explanatory variables including CPI, demographic, clinical and comorbidities were
included in the analysis. From the summary of the stepwise procedure, analysis of
maximum likelihood estimates were generated and presented in Table 4.36.

Maximum likelihood analysis. The analysis of maximum likelihood identifies
independent variables that had a significant effect on the dependent variable DVWR.
Likelihood is a probability—specifically the probability that the observed values of the
dependent variable may be predicted from the observed values of the independents. The
log likelihood varies from minus to infinity. Log likelihood is calculated through iteration,
using maximum likelihood estimation. It is the basis for tests of a logistic model. A
maximum likelihood estimation reflects how likely it is (the odds) that the observed
values of the DVWR may be predicted from the observed values of the independent
variables.
An analysis of maximum likelihood estimates table consisted of all the variables

that had a significant effect on the dependent variable DVWR (P (Y = 1)), which
included mean COPD (p = 0.003), mean CHF (p = 0. 0431), mean MAP (p = 0.0055),
mean RR (p < 0.0001), mean CO (p = 0.0382), mean PAD (p < 0.0001), and mean PASP
(p = 0.0061).
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Table 4.36. Analysis of Maximum Likelihood Estimates of Antecedence Post Hoc.
Parameter

DF

Estimate

Standard
Error

Wald Chisquare

P-Value

Intercept
1
8.9452
2.5166
12.6343
0.0004
COPD
1
1.6985
0.4655
13.3108
0.0003
CHF
1
1.3687
0.6766
4.0928
0.0431
Mean MAP
1
- 0.065
0.0234
7.6919
0.0055
Mean RR
1
- 0.2183
0.0486
20.191
< 0.0001
Mean CO
1
- 0.3322
0.1603
4.2943
0.0382
Mean PAD
1
0.2584
0.0628
16.9208
< 0.0001
Mean PASP
1
- 0.1116
0.0407
7.5068
0.0061
Note. Antecedence indicates significant predictors of dysfunctional ventilator weaning
response (DVWR).
COPD: chronic obstructive pulmonary disease
CHF: congestive heart failure
MAP: mean arterial pressure
RR: mean respiratory rate
CO: mean cardiac output
PAD: mean pulmonary diastolic pressure
PASP: mean pulmonary artery systolic pressure
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The parameter estimates were negative for the variables, including mean MAP,
mean RR, mean CO, and mean PASP, which implies that the probability of DVWR
(P (Y = 1)) declines when the variables’ mean increases, whereas the probability of
DVWR (P (Y = 1)) increases with an increase in mean COPD, mean CHF, and mean
PAD. The predictive equation was calculated with the following logistic regression
parameters:
The logit (DVWR) = lnP(x)/1- P(x) = e x ; where x = 8.94 + 1.69 (COPD) + 1.36 (CHF) –
0.06 (Mean MAP) – 0.21 (Mean RR) – 0.33 (Mean CO) + 0.25 (Mean PAD) – 0.11
(Mean PASP).

Likelihood confidence and odds ratio. Next, to quantify the effect of the
significant independent variables on the dependent variable DVWR, a likelihood
confidence interval and odds ratio was estimated. A profile of likelihood confidence
intervals for adjusted odds ratio was estimated and is presented in Table 4.36. The odds
ratio contains the exponentials of the logistic regression coefficients of the significant
independent variables comparing DVWR (cases) with NVWR (controls).
Table 4.37 displays the significant independent variables that had a significant
effect on DVWR. The results displayed included unit estimates of odds ratio and 95%
confidence limits. The odds in favor of DVWR for patients with COPD were 5.466 times
higher than for patients without COPD, holding all other variables constant. The odds in
favor of DVWR for patients with CHF were 3.930 times higher than the patients without
CHF, holding all other variables constant.
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Table 4.37. Profile of Likelihood Confidence Interval for Adjusted Odds Ratios of
Antecedence Post Hoc.
Effect

Unit

Estimate Odds

95% Confidence Limit

COPD
1
5.466
2.246 - 14.131
CHF
1
3.93
1.118 - 16.747
Mean MAP
-10
1.915
1.219 - 3.063
Mean RR
-5
2.978
1.878 - 4.884
Mean CO
-2
1.943
1.050 - 3.717
Mean PAD
5
3.64
2.009 - 6.913
Mean PASP
-10
3.053
1.406 - 6.981
Note. Antecedence indicates significant predictors of dysfunctional ventilator weaning
response (DVWR).
COPD: chronic obstructive pulmonary disease
CHF: congestive heart failure
MAP: mean arterial pressure
RR: mean respiratory rate
CO: mean cardiac output
PAD: mean pulmonary diastolic pressure
PASP: mean pulmonary artery systolic pressure
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The odds in favor of DVWR for patients with a decrease 10 mm/Hg mean MAP
were 1.915 times of the probability of NVWR, holding all other variables constant. This
finding implies that hypotension increases the risk of developing DVWR after CABG
surgery.
The odds in favor of DVWR for patients with a decrease of 5 points of mean RR
were 2.978 times the probability of NVWR, holding all other variables constant. This
finding implies that patients with a lower RR are at risk of developing DVWR after
CABG surgery.
The odds in favor of DVWR for patients with a decrease in mean CO by 2 points
were 1.943 times of probability of NVWR, holding all other variables constant. This
finding implies that patients with a low CO are at the risk of developing DVWR after
CABG surgery.
The odds in favor of DVWR for patients with an increase in mean PAD by
5mm/Hg were 3.640 times of the probability of NVWR, holding all other variables
constant. This finding implies that the patients with a high PAD pressure are at the risk of
developing DVWR after CABG surgery.
The odds in favor of DVWR for patients with decrease in mean PASP by
10mm/Hg were 3.053 times of the probability of NVWR, holding all other variables
constant. This finding implies that the patients with low PASP are at the risk of
developing DVWR after CABG surgery.

Goodness-of-fit test. Next, the goodness-of-fit test was done to test the model by
the Hosmer and Lemshow method. The LACKFIT option was used to print the Hosmer
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and Lemshow goodness-of-fit test. The Chi-square was 9.7845, with df 8 at significance
level of p = 0.2805, which is higher than p < 0.05, which shows that there was no lack of
fitness in this model.

Prediction accuracy analysis. Further, the model was tested for prediction
accuracy through a classification table. The accuracy of the classification was measured
by its sensitivity, which is the ability to predict an event correctly, and specificity, which
is the ability to predict non-event. The sensitivity of the model was 77.8%, and specificity
was 74.5% at a 0.3 probability level.

Summary of Analysis
Data analysis was guided by the preplanned research questions. The results were
organized and displayed under the respective research questions. This researcher utilized
descriptive and inferential statistics to derive answers to the research questions. The
analysis included preplanned and post hoc comparisons of study variables and covariates.
Statistical analysis was performed through SAS programs, including PROC
UNIVARIATE, PROC FREQ, PROC GLM, PROC REG, PROC MIXED REPEATED
MEASURE ANOVA, and PROC LOGISTIC. The total sample size was 300; however,
only 299 subjects were included in the data analysis, which contained 99 cases and 200
controls.
The results of this case control study with time series design revealed that selected
covariates had an effect on the characteristics of CPI after CABG surgery. Covariates
such as age, sex, BSA, time, number of grafts, CHF, and renal failure had significant
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effect on the characteristics of certain CPI such as MAP, CVP, RR, SPO2, CO, CI, PAD,
and PASP after CABG surgery. Age and sex had a significant effect on the mean MAP.
Time had a significant (p < 0.0001) effect on the group means of CVP in cases and
controls. Time also had a significant (p < 0.0001) effect on the group means of RR.
Number of grafts had a significant (p = 0.0086) effect on the group means of RR. This
study found that there was a significant effect of covariates such as age (p = 0.042), BSA
(p = 0.0034), renal failure (p = 0.019), and number of grafts (p = 0.057) on the group
means of SPO2. Covariates such as age (p = 0.015), sex (p < 0.0001), and BSA (p =
0.0001) had significant effect on the group means of CO. Furthermore, the covariates
such as age (p = 0.016), sex (p < 0.0001), and BSA (p = 0.0001) had significant effect on
the group means of CI. The mean PAD was found to have been affected by time
significantly (p = 0.011). The mean PASP was significantly affected by covariates such
as BSA (p = 0.0059), CHF (p = 0.0034), and number of grafts (p = 0.05).
The research study findings revealed that there were significant differences
between cases and controls in the characteristics of certain CPI such as RR, SPO2, CO, CI,
and PAD after CABG surgery. There was a significant (p < 0.001) difference in the group
means of RR between DVWR (cases) and NVWR (controls). There was also a significant
(p = 0.054) difference in the group means of SPO2 between DVWR (cases) and NVWR
(controls) noted. In addition, there was a significant (p = 0.03) difference in the group
means of CO between DVWR (cases) and NVWR (controls) groups. Further, there was a
significant (p = 0.03) difference in the group means of CI between DVWR (cases) and
NVWR (control) groups. There was also a significant (p = 0.0012) difference in the
group means of PAD between DVWR (cases) and NVWR (controls).

105

These research study findings also revealed that there were no significant
differences between cases and controls in the characteristics of certain CPI such as HR,
MAP, CVP, PASP, and SPO2after CABG surgery. In addition, the findings revealed that
covariate COPD did not have any effect on the characteristics of CPI among cases and
controls after CABG surgery.
The findings also revealed that antecedence such as COPD, CHF, MAP, RR, CO,
PAD, and PASP had a significant effect on DVWR. The findings further revealed that the
odds in favor of DVWR for patients with COPD are 5.466 times higher than for patients
without COPD, holding all other variables constant. The odds in favor of DVWR for
patients with CHF were 3.930 times higher than the patients without CHF, holding all
other variables constant. The odds in favor of DVWR for patients with a decrease of
10mm/Hg in the mean MAP was 1.915 times the probability of NVWR, holding all other
variables constant. This finding implies that hypotension increases the risk of developing
DVWR after CABG surgery. The odds in favor of DVWR for patients with a decrease of
5 points in mean RR was 2.978 times the probability of NVWR, holding all other
variables constant. This finding implies that patients with a lower RR are at risk of
developing DVWR after CABG surgery. The odds in favor of DVWR for patients with
decrease in mean CO by 2 points was 1.943 times the probability of NVWR, holding all
other variables constant. This finding implies that patients with low CO are at the risk of
developing DVWR after CABG surgery. The odds in favor of DVWR for patients with
an increase in mean PAD by 5mm/hg was 3.640 times the probability of NVWR, holding
all other variables constant. This finding implies that the patients with high PAD pressure
are at the risk of developing DVWR after CABG surgery. The odds in favor of DVWR
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for patients with a decrease in mean PASP by 10mm/Hg were 3.053 times the probability
of NVWR, holding all other variables constant. This finding implies that the patients with
low PASP are at risk of developing DVWR after CABG surgery.
In summary, the antecedence—including COPD, CHF, MAP, RR, CO, PAD, and
PASP—had a significant effect on DVWR after CABG surgery. These antecedence were
found effective in building a prediction model for DVWR after CABG surgery.

107

CHAPTER 5: CONCLUSION

Discussion
The purposes of this retrospective case control study were to describe the
characteristics of cardiopulmonary indicators (CPI) among patients with normal
ventilator weaning response (NVWR) and dysfunctional ventilator weaning response
(DVWR) after CABG surgery, to find the differences in characteristics of
cardiopulmonary indicators between patients with NVWR and DVWR after CABG
surgery, and to build a prediction model for DVWR with significant antecedence. The
CPI measurements were collected on an hourly basis for 12 hours postoperatively for
cases and controls through a retrospective electronic patient file system (EPF) audit. A
purposive sample of 300 subjects was recruited from the medical records of patients who
underwent CABG surgery in a Mid-South private hospital, Memphis, TN, from May
2003 to February 2006. This study utilized descriptive and inferential statistical analyses,
which were performed through SAS programs including PROC UNIVARIATE, PROC
FREQ, PROC GLM, PROC REG, PROC MIXED REPEATED MEASURE ANOVA,
and PROC LOGISTIC. The analysis consisted of preplanned comparisons of study
variables including DVWR, NVWR, and CPI and post hoc comparisons of selected
demographic variables. The independent variable of the study was CPI, which is an
hourly time series measurement of selected CPI for 12 consecutive hours after CABG
surgery. The outcome variables of this study were DVWR and NVWR.
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The demographic variables included age, sex, BSA, number of grafts, COPD,
CHF, and renal failure. The demographic variables were used to describe the study
sample as well as included in the post hoc analysis as covariates.
The discussion of the study findings is based on the following research questions
explored in the study:
1. What are the characteristics of cardiopulmonary indicators in patients with
dysfunctional ventilator weaning response and normal ventilator weaning response?
2. What are the differences in the characteristics of cardiopulmonary indicators in
patients with dysfunctional ventilator weaning response and normal ventilator
weaning response?
3. What is the best predictive model for dysfunctional ventilator weaning response?
The findings of this study based on the above listed research questions are discussed
with the past literatures and organized under the following headings, discussion of
study variables, discussion on demographic variables, conceptual framework,
implications, and conclusion.

Discussion of Study Variables and Findings
In this section, findings from this research study are discussed under each
independent study variable. Each independent variable’s findings addressing research
question—including description, differences, and prediction modeling—are compared
and contrasted with findings from the published literature.

109

Cardiopulmonary Indicators and Dysfunctional Ventilator Weaning Response

Heart rate and dysfunctional ventilator weaning response: This study found
that HR is not a significant predictor for DVWR after CABG surgery. The results
revealed that there were no significant differences in the hourly mean heart rate between
cases and controls except at the first hour. The increase in heart rate among cases during
the first hour was consistent with Estenssoro (2005), who reported that weaning from
ventilation after CABG surgery involves stress to the heart, which is reflected as
increased heart rate during the weaning process (89). However, this finding contrasts with
Ely’s (1996) report, which indicated that increases in HR are associated with DVWR (36,
90). This contrast finding may be attributable to the nature of the sample. Ely’s study was
conducted among medical, surgical, and coronary intensive-care-ventilated patients,
whereas this study sample was limited to postoperative CABG patients only. Sampling
technique might also have contributed to the difference in findings. Ely used a convenient
sampling technique that had no exclusion criteria, whereas this study included exclusion
criteria to exclude patients receiving chronotropic drugs. This exclusion contributed to
the normal distribution of HR between cases and controls; in comparison, there were no
significant differences noted. Further, the logistic prediction model revealed that HR is
not a significant antecedence to predict DVWR after CABG surgery. Although this
retrospective study concluded that HR is not a significant predictor for DVWR, further
subgroup analysis based on the rhythm, preoperative treatment with beta-blockers and
preoperative heart rate and rhythm may be useful in exploring the nature of heart rate
after CABG surgery.
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Mean arterial pressure and dysfunctional ventilator weaning response: In this
study, MAP is identified as a significant predictor for DVWR after CABG surgery. The
univariate analysis results revealed that there were no significant differences in the hourly
mean MAP between cases and controls except at the fifth hour. There were significant
differences (p = 0.01) in mean MAP at fifth hour between cases and controls. The logistic
prediction model revealed that patients who had low MAP had increased risk of
developing DVWR after CABG surgery. The odds in favor of DVWR for patients with
decrease 10mm/Hg mean MAP were 1.915 times the probability of NVWR, holding all
other variables constant. This implies that hypotension increases risk of developing
DVWR after CABG surgery. This finding is in contrast with Ely’s (1996) report, which
indicated that increases in MAP had association with DVWR (36, 90). This contrast
finding may be attributable to the exclusion criteria of this study, which excluded patients
receiving epinephrine, norepineprine, and dopamine. This exclusion resulted in the
normally distributed comparable MAP between cases and controls. From these findings,
this study concluded that MAP is a significant predictor for DVWR after CABG surgery.
Further, prospective studies including subgroup analysis based on the preoperative blood
pressure, preoperative medications, postoperative fluid loss, fluid replacements, and
treatment with inotrops may be useful to explore and explain the above significant
finding.

Central venous pressure and dysfunctional ventilator weaning response: This
study found that CVP is not a significant predictor for DVWR after CABG surgery. A
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univariate analysis showed a significant difference between cases and controls in the
mean CVP at third hour (p = 0.05), seventh hour (p = 0.004), eighth hour (p = 0.01),
ninth hour (p < 0.0001), tenth hour (p = 0.05), and twelfth hour (p = 0.001). This finding
implies that patients with DVWR have higher CVP than patients with NVWR. This
finding is consistent with the literature which reported increased positive fluid balance
reflected in increased CVP associated with prolonged mechanical ventilation (106).
Significant differences in mean CVP between cases and controls at the third hour may be
explained by the theory that reported changes in intrathoracic fluid volumes in patients
after coronary artery bypass grafting after changing the ventilatory pattern from
mechanical to spontaneous ventilation revealed that increased preload during weaning
process is associated with weaning failure (107).
Although univariate analysis showed significant differences, the logistic
prediction model revealed that CVP had no significant value to predict DVWR after
CABG surgery—thus, suggesting that CVP is not a significant antecedence to predict the
DVWR after CABG surgery. It implies that CVP in patients with DVWR is different
from CVP in patients with NVWR; however, the difference is not significant enough to
predict the DVWR. The controlled clinical environment may explain this. Clinically CVP
is used to detect and treat the fluid status of patients. Measurement of CVP is a guide to
assess the preload and fluid status postoperatively. In clinical practice, postoperative
CABG surgery patients’ fluid status is maintained at negative balance for the first 12
hours through the state of diuresis from the effect of postoperative diuretics in order to
prevent pulmonary edema. Further, postoperative CABG patients with mechanical
ventilation are at risk of developing altered preload and fluid status. Mechanical
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ventilation is associated with alterations in intrathoracic pressure; lung volume, and
venous return, and changes in intrathoracic fluid volumes during weaning are associated
with weaning failure. In patients with impaired cardiac function, the development of
pulmonary edema during weaning has been described (58). Although CVP is not a
predictive indicator for DVWR, it showed a significant difference between cases and
controls indicating that CVP is a clinically sensitive parameter.

Respiratory rate and dysfunctional ventilator weaning response: In this study,
RR is identified as a significant predictor for DVWR after CABG surgery. The univariate
analysis results revealed that there was no significant difference in the mean RR between
cases and controls at the first hour. However, there was a statistically significant
difference between cases and controls in mean RR in all the hours except first hour. The
lack of differences in the first hour may be explained by the effect of anesthesia,
sedations, and ventilator settings, which are common for both cases and controls. In
addition, the logistic prediction model in this study revealed that RR is a significant
antecedence to predict DVWR. This finding is consistent with literature, which reported
that RR is a sensitive indicator to predict the weaning outcome (110). The odds in favor
of DVWR for patients with decrease 5 points of mean RR is 2.978 times of the
probability of NVWR holding all other variables constant. This finding implies that
patients with lower RR are at risk of developing DVWR after CABG surgery. This
finding contrasts with past literature, which reported that increased RR is associated with
the cardiopulmonary stresses and compensatory effort to combat hypoxia (36, 60, 109).
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Based on these findings, this study suggests that RR is a significant predictor for DVWR
after CABG surgery.
Respiratory rate is a significant predictor for DVWR, as it reflects the neurochemical balance of oxygenation of the patient. Further, it implies that decrease in
respiratory rate may be an indication to delay the weaning process. Future prospective
studies, including subgroup analysis involving respiratory rate before, during, and after
weaning process, may be useful to demonstrate the cause and effect relationship of the
respiratory rate in prediction of DVWR. In addition, subgroup analysis including various
grades of COPD may be useful to understand the pattern of respiratory rate during
postoperative weaning process among these patient populations. Based on the findings,
this study concludes that RR is a significant predictor to predict DVWR.

Oxygen saturation and dysfunctional ventilator weaning response: This study
found that SPO2 is not a significant predictor for DVWR after CABG surgery. The
univariate analysis results revealed that there was no significant difference in the hourly
mean of SPO2 between cases and controls except fourth, fifth, and sixth hour. This
finding may reflect the ventilator support in maintaining oxygenation postoperatively in
both cases and controls. However, there was a significant difference between cases and
controls in mean SPO2 at fourth hour (p = 0.01), fifth hour (p = 0.01), and sixth hour (p =
0.05). This finding is consistent with the past literature which reported that differences
in SPO2 were associated with PMV (59, 86). There was a significant decline in the
controls noted after the fourth hour, which may be due to the weaning process and
extubation in controls, whereas cases continued to receive ventilator support to maintain
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the oxygenation. To understand this trend and significance of this trend, a subgroup
analysis may be conducted in future research comparing cases and controls in the context
of SPO2 and ventilation hours. Further, the logistic regression prediction model revealed
that SPO2 is not a significant antecedence to predict DVWR after CABG surgery.

Cardiac output dysfunctional ventilator weaning response: In this study, CO
was identified as a significant predictor for DVWR after CABG surgery. There was a
significant difference in the hourly mean of CO between cases and controls except in the
ninth, tenth, and eleventh hours. It can be inferred that CO was significantly lower in
patients with DVWR when compared with patients with NVWR. This finding is
consistent with the literature, which reported that low CO is associated with PMV after
CABG surgery (20, 37). The odds in favor of DVWR for patients with decrease in mean
CO by 2 points is 1.943 times of the probability of NVWR holding all other variables as
constant. This finding implies that patients with low CO are at risk of developing DVWR
after CABG surgery. This finding is consistent with findings of Estenssoro (2005) who
reported that low cardiac output has the highest association with DVWR (89). From these
findings, this study suggests that CO is a significant predictor for DVWR after CABG
surgery.
Increase or decrease in the cardiac output reflects the cardiac function involving
rate, rhythm, contractility, volume, and systemic vascular resistance. The harmonization
of these collective functions produces the cardiac output through the electromechanical
action of the heart. This study finding suggests that decreased cardiac output is a
significant predictor for DVWR after CABG surgery. Postoperatively, CO may be
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decreased by various factors, including blood or fluid loss during and after surgery,
temporary myocardial depression after surgery, excessive diuresis, decreased fluid intake,
and decreased systemic vascular resistance due to autonomic neuropathy, etc. Further
prospective studies are needed to establish cause and effect relationship for DVWR.
Exploring the causative factors for decreased cardiac output may be useful to find the
cause and effect relationship between decreased CO and DVWR after CABG surgery. In
addition, including the patients with the treatment of inotropics and performing the
subgroup analysis may be helpful to understand the various causes and treatment of
decreased cardiac output after CABG surgery.

Cardiac index and dysfunctional ventilator weaning response: This study
found that CI is not a significant predictor for DVWR after CABG surgery. The
univariate analysis results revealed that there is significant difference in the hourly mean
of CI between cases and controls in first, fifth, sixth, eighth and twelfth hours, with the CI
of the control group significantly higher. This finding implies that the patients who had
lower CI developed DVWR. This finding is consistent with past literature that reported
an alteration in cardiac index during weaning was found to have association with
weaning failure (15, 76-78). However, the logistic prediction model revealed that CI is
not a significant antecedence to predict the DVWR after CABG surgery. This finding
may be explained in consideration with BSA. Cardiac index is a measurement which is
adjusted for BSA.
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Pulmonary artery diastolic pressure and dysfunctional ventilator weaning
response: In this study, PAD is identified as a significant predictor for DVWR after
CABG surgery. There is significant difference in the hourly mean of PAD between cases
and controls in all the hours except first and eighth hour. The odds (3.640) in favor of
DVWR for patients with an increase in mean PAD implies that the patients with high
PAD pressure are at the risk of developing DVWR after CABG surgery. This finding
affirms past literature, which reported that PAD pressures may be used as a sensitive
predictor of DVWR since pulmonary hypertension is associated with weaning failure
after heart surgery (112-116).
Clinically, elevated PAD is seen in association with various conditions that lead
to pulmonary artery hypertension. The common associated conditions include COPD,
CHF, and left ventricular hypertrophy, pulmonary artery constriction, pulmonary
hypoxemia, acute respiratory distress syndromes, and pulmonary edema. Knowledge
based on this retrospective study finding indicates that elevated PAD is a significant
predictor for DVWR. However, further analyzing the causative factors through a
prospective study may reveal the cause effect relationship of elevated PAD with DVWR
after CABG surgery. In addition, a subgroup analysis including subjects with COPD and
CHF may be helpful in exploring the nature of PAD increase after CABG surgery.
Further preoperative and postoperative comparison of the PAD may be necessary to
demonstrate the changes in PAD in DVWR subjects during weaning process. Based on
the finding, this study concludes that elevated PAD is a significant predictor for DVWR
after CABG surgery. From this knowledge it can be implied that PAD may be included in
the weaning protocol as it is s significant predictor of DVWR. Clinically, current
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weaning protocols contain the guidelines to treat low PAD after CABG surgery; however,
there are no guidelines established to treat increased PAD after CABG surgery.
Establishing guidelines to treat increased PAD after CABG surgery may be tested,
followed by prospective studies to establish treatment guidelines for DVWR after CABG
surgery.

Pulmonary artery systolic pressure and dysfunctional ventilator weaning
response: In this study, PASP was identified as a significant predictor for DVWR after
CABG surgery. There was no significant difference between cases and controls in the
hourly mean of PASP in all 12 consecutive hours. This finding supports past theory that
suggested changes in pulmonary artery pressures are sensitive indicators of altered
cardiopulmonary and fluid status within the circulatory system. Elevated pulmonary
artery pressures are the indication of pulmonary hypertension, which is directly
associated with DVWR (58). In contrast, the logistic regression prediction model in this
study revealed that patients those who had lower PASP developed DVWR. The odds in
favor of DVWR for patients with decrease in mean PASP by 10mm/hg were 3.053 times
the probability of NVWR, holding all other variables constant. This implies that the
patients with low PASP are at risk of developing DVWR after CABG surgery. This
finding implies that PASP is a significant antecedence to predict DVWR after CABG
surgery. Predictive ability of low PASP for DVWR may be explained, as PASP is an
indicator of the filling pressure. Literature suggests that higher filling pressures are
required during the first 4 hours after CABG surgery to enhance the coronary perfusion.
This finding also affirms past literature, which reported that PASP pressure may be used
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as a sensitive predictor of DVWR as pulmonary hypertension is associated with weaning
failure after heart surgery (112-116).
When the PASP is lower there is higher chance of developing DVWR. Decrease
in PASP may be an indication of either decreased right ventricular preload or decreased
pulmonary vascular resistance. The majority of the subjects among the DVWR sample
contained preoperative morbidity such as COPD and CHF. In patients with COPD, CHF
may tend to have higher PASP preoperatively and their hemodynamic homeostasis may
adapt to the higher filling pressures preoperatively. This finding needs further exploration
by doing a comorbidity specific subgroup analysis involving prospective studies in order
to establish the cause and effect relationship. Clinically, increased PASP is treated
postoperatively; however, there is no protocol to treat decreased PASP. Developing a
protocol to low PASP after CABG surgery may be beneficial.

Mixed venous oxygen saturation and dysfunctional ventilator weaning
response: This study found that SVO2 is not a significant predictor for DVWR after
CABG surgery. The results revealed no significant difference between cases and controls
in the hourly mean of SVO2 in all hours except eleventh and twelfth hours. Past literature
indicated that a progressive decrease in SVO2 during the weaning process is reported as
associated with weaning failure (87, 88). In addition, some studies have found an
association between a decrease in SVO2 after extubation and reintubation (37, 73, 108).
In contrast, in this study, SVO2 was significantly higher in patients with DVWR at
eleventh and twelfth hour. However, the logistic prediction model in this study revealed
that SVO2 is not a significant antecedence to predict DVWR after CABG surgery. This
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finding contrasts with past literature. This contrast finding may need further investigation
to interpret the trend. Information such as body temperature and hemoglobulin levels are
needed to understand this trend of increased SVO2 among cases. Increased SVO2 may be
an indication of decreased peripheral oxygen conception due to hypothermia or
peripheral shunting. Further studies are needed to explore the characteristics of this
variable in the context of hypothermia and anemia.

Discussion of Demographic and Clinical Variables

Age and dysfunctional ventilator weaning response: This research study’s
findings revealed that age distribution had no significant difference between cases and
controls. However, age had a significant effect on CPI, such as HR (p = 0.008), MAP
(p = 0.0028), SPO2 (p = 0.042), CO (p = 0.015), CI (p = 0.016), and PAD (p = 0.04).
These findings were consistent with the findings of Legare, et al. (2001) (14). Although
age had a significant effect on the above CPI, a logistic regression analysis revealed that
age did not have significant predictive value for DVWR after CABG surgery. This
finding implies that age had no significant effect on DVWR after CABG surgery. This
finding was consistent with Bezanson, et al. (2001) who reported that age has no effect
on PMV after CABG surgery (12). The finding also agrees with current literature which
indicates that increased age is not associated with PMV after CABG surgery (1, 2, 7, 12).

Sex and dysfunctional ventilator weaning response: The distribution of sex
between cases and controls showed a significant (p = 0.01) difference. However, the odds
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ratio for sex was less than one, which implies that sex is not a significant risk factor for
developing DVWR after CABG surgery. This finding is consistent with Athanasiou, et al.,
(2003), who reported that gender was not found to be an independent predictor for
prolonged ventilation after CABG surgery (189). In addition, this study finding revealed
that gender had significant effects on CPI such as MAP (p = 0.0012), CO (p < 0.0001),
and CI (p < 0.0001). Although, sex had a significant effect on these CPI, a logistic
regression model revealed that gender had no significant predictive value for DVWR
after CABG surgery. This finding contrasts with the findings of Legare, et al.(2001) who
reported that females are at risk of developing DVWR after CABG surgery (14). This
contrast finding may be explained by the sample size. Legare, et al.used a large sample
size of 1,800 subjects when compared with this study, which had smaller sample size
involving 300 subjects. The significance of female gender may be visible more in the
larger sample size. Legare, et al. included all the subjects without exclusion criteria; this
may be another factor that could contribute to the contrast finding. Although these study
findings revealed that females are not at risk of developing DVWR, it is imperative to
add sex as an independent variable in future studies in consideration with physiological
differences between the genders.
Renal failure and dysfunctional ventilator weaning response: This study
found that renal failure is not a significant predictor for DVWR after CABG surgery.
There was no significant difference in the prevalence of renal failure between cases and
controls in this study sample. A repeated measure ANOVA analysis revealed that renal
failure had a significant (p = 0.019) effect on SPO2. This finding is consistent with the
literature, which indicates that renal anemia predisposes to alterations in SPO2 because it
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induces functional and organic alterations of cardiac-circulatory function (131). However,
a logistic regression model in this study indicated that renal failure is not a significant
predictive factor for DVWR after CABG surgery.

Chronic obstructive pulmonary disease and dysfunctional ventilator weaning
response: In this study, COPD is identified as a significant predictor for DVWR after
CABG surgery. The prevalence of COPD was found to make a significant (p < 0.0001)
difference between cases and controls. The odds ratio of COPD was 5.11. It implies that
the relative risk of patients with COPD developing DVWR was 5.11 times higher than
for patients without COPD. This finding was consistent with Legare, et al.(2001) who
indicated that COPD is a significant preoperative risk factor for PMV after CABG
surgery (14). In addition, this study’s finding revealed that COPD had no significant
effect on any of the selected CPI, which implies that COPD is an independent risk factor
for DVWR. This finding is consistent with the literature that indicates that COPD is
associated with DVWR (26, 177-180). Further, a regression model of this study affirmed
that COPD is a significant (p = 0.0003) predictor for DVWR after CABG surgery. The
odds in favor of DVWR for patients with COPD were 5.466 times higher than for
patients without COPD, holding all other variables constant. From these findings, this
study concludes that COPD is a significant predictor for DVWR after CABG surgery.

Congestive heart failure and dysfunctional ventilator weaning response: In
this study, CHF is identified as a significant predictor for DVWR after CABG surgery.
Prevalence of CHF resulted in a significant (p = 0.0003) difference between cases and
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controls. The relative risk (odds ratio) of CHF was 6.75 for developing DVWR. This
finding was consistent with the literature that indicated an association of congestive heart
failure (CHF) with PMV after CABG surgery (6, 7, 12, 20, 21, 68). In this study, CHF
had significant effect on CPI (p = 0.0034). This finding is consistent with the literature
that indicates the effect of CHF on PASP is due to the cardiopulmonary dynamics,
explained by Boldt and Hempelmann (2001) as follows: The pathophysiological changes
due to left ventricular failure are associated with the increased pulmonary pressures and
decreased cardiac out put resulting in delayed ventilator weaning. In addition, cardiac
surgery depress the myocardial pump function (80). Other literature explained that right
heart failure is associated with an increased right atrial pressure, and impeding venous
return and venous congestion alter hemodynamics and pulmonary artery pressures (125,
126).
Furthermore, a logistic regression model in this study indicated that CHF was a
significant (p = 0.04) predictor for DVWR after CABG surgery. The odds in favor of
DVWR for patients with CHF were 3.930 times higher than for patients without CHF,
holding all other variables constant. From these findings, this study concluded that CHF
was a significant predictor for DVWR after CABG surgery.

Number of grafts and dysfunctional ventilator weaning response: This
research study revealed that there was no significant difference in the number of grafts
between cases and controls. In addition, the number of grafts had a significant (p = 0.05)
effect on mean PASP. Past literature indicated that the number of grafts was associated
with PMV after CABG surgery (6, 7, 12, 20, 21, 68). However, the logistic regression
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model in this study revealed that number of grafts was not a significant predictive factor
for DVWR after CABG surgery.

Body surface area and dysfunctional ventilator weaning response: In this
study, there was no significant difference in mean BSA between cases and controls.
Repeated measure ANOVA analysis revealed that BSA had significant effect on CPI
such as CVP (p = 0.04), RR (p = 0.0028), SPO2 (p = 0.0034), CO (p < 0.0001), CI (p <
0.0001), and PASP (p = 0.0059). Although BSA had significant effect on abovementioned CPI, the logistic regression model indicated that BSA is not a significant
predictive factor for DVWR. This finding is consistent with the findings of Parlow (2006)
reported that obesity is not associated with extubation failure after CABG surgery (190).
However, including the body mass index in future prospective studies may be beneficial.
This study was guided by a conceptual framework, which was built upon past
literature and theories. The conceptual model which contains significant predictors
depicted in Figure 5.1 describes the association of the risk factors and CPI with DVWR
and NVWR after CABG surgery. It explains that cardiac surgery is followed by ventilator
weaning in postoperative critical care. Postoperatively, the mechanical ventilation and
hemodynamic stabilization therapies help to restore cardiopulmonary function. The
outcome of those therapies is either normal ventilator weaning response (NVWR) or
DVWR. The above-mentioned outcomes influence the CPI. The changes in CPI reflect
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Figure 5.1. Conceptual Model Indicating Significant Predictors of DVWR.
Note. * Significant predictor for dysfunctional ventilator weaning response
CHF: congestive heart failure
COPD: chronic obstructive pulmonary disease
CABG: coronary artery bypass surgery
VWR: ventilator weaning response
CPI: cardiopulmonary indicators
HR: heart rate
MAP: mean arterial pressure
CVP: central venous pressure
RR: respiratory rate
SPO2: oxygen saturation
CO: cardiac output
CI: cardiac index
PAD: pulmonary diastolic pressure
PASP: pulmonary artery systolic pressure
SVO2: mixed venous oxygen saturation
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changes in the patient’s condition. Therefore, it can be assumed that changes in CPI
precede DVWR. Thus CPI was set to predict NVWR and DVWR, which are associated
with restored cardiopulmonary function and impaired cardiopulmonary function. In this
study, the temporal associations of CPI and comorbidities were tested and their predictive
value was assessed.
This study supported the research assumption which indicated that the clinical
changes that preceded DVWR reflected on the changes on CPI. The research questions
formulated guided by the conceptual framework were explored and the study results
supported the temporal relationship of the variables as antecedence for DVWR after
CABG surgery.
This study revealed that co-morbid risk factors including COPD and CHF had a
significant predictive value for DVWR after CABG surgery. CPI, including MAP, RR,
CO, PAD, and PASP, also had a significant predictive value for DVWR after CABG
surgery. These findings of this study have a foundation in past theory and are well
supported by past literature.
The theoretical underpinning of the conceptual framework has significance in
predicting DVWR after CABG surgery. Among the selected antecedence—including comorbidities and CPI—many of them were found significant in predicting DVWR, which
can be explained by the conceptual framework. The statistical model of this study
revealed the significant co-morbidities that have predictive value for DVWR after CABG
surgery, including COPD and CHF. In addition, significant CPI’s predictive value was
explained by the conceptual framework and tested through the statistical model of this
study. Accordingly, CPI such as MAP, RR, CO, PAD, and PASP can be used to predict
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DVWR after CABG surgery through this model. The above-mentioned significant
antecedence was tested through logistic regression statistical model.
The theory derived from this study offers the possibility of explaining DVWR
after CABG surgery. The theory was found testable through statistical logistic model. All
the concepts described in the conceptual framework were found measurable and were
subjected for statistical analysis, and significance was tested through statistical
hypothesis. The empirical findings of this study supported the conceptual framework and
the model.
In conclusion, this research study identified the significant antecedence to predict
DVWR after CABG surgery. Statistical significance was tested through a logistic
prediction model. The significant predictors included COPD, CHF, mean MAP, mean RR,
mean CO, mean PAD, and mean PASP. Therefore, this study concluded that the abovementioned significant predictors may be used to predict DVWR after CABG surgery.

Implications
This study’s results have implications for the theory, practice, education, and
research involving postoperative care after CABG surgery from the perspectives of early
detection, prevention, and treatment of DVWR. The knowledge acquired through this
study includes antecedence such as COPD, CHF, mean MAP, mean RR, mean CO, mean
PAD, and mean PASP that were found significant in the prediction of DVWR after
CABG surgery. This specific knowledge can be used to benefit the fields of critical care
medicine, critical care nursing, and critical care administration in the aspects of theory,
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practice, education, research, quality improvement, and cost-effective care in
postoperative critical care after CABG surgery.

Theory and practice: The findings of this research study have an implication for
critical care medicine in the aspects of prevention, treatment, and health promotion. They
may contribute to the prevention of ICU mortality and morbidity following CABG
surgery. The finding of the significant predictors of DVWR after CABG surgery has
added new knowledge to critical care medicine, critical care nursing, and respiratory
medicine. Introduction of this new knowledge in the discipline’s practice may enable the
prevention of DVWR after CABG surgery. The description of the trends of the
significant predictors has added new knowledge to the respective disciplines, which may
in turn help in planning postoperative care for patients in the ICU who had CABG
surgery. This knowledge may also aid in preventing premature weaning trials and in
providing early treatment, which in turn can prevent mortality and morbidity associated
with CABG surgery.
This study benefits critical care nursing, as it adds new knowledge to the
discipline. The knowledge of significant antecedence for DVWR would contribute to the
critical care nursing practice in the aspects of prevention of complications and providing
quality care through hemodynamic monitoring and assessment skills. Postoperative
ventilator weaning is the major task of critical care nursing following CABG surgery.
The critical care nurse plays an important role in the postoperative monitoring of CPI,
hemodynamic stabilization, assessing the patient’s readiness for weaning, and in
preventing postoperative complications. The trends of the CPI and prediction model
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derived from this research study could provide a reliable tool to guide the practice of
monitoring, assessment, and ventilator weaning practice after CABG surgery.
This research study may contribute to critical care nursing education through the
addition of new knowledge to nursing theory. The specific findings, such as trends of CPI
and significant antecedence of DVWR, may contribute to the development of the nursing
process for caring for patients after CABG surgery.
The findings of this research study may contribute to the quality of care in critical
care nursing and medicine through the implications for patient safety after CABG surgery.
The identification of reliable predictors for DVWR, the trends of CPI for DVWR, and the
prediction model may help to identify a possible DVWR before it occurs, thereby it may
help in preventing premature ventilator weaning trials that subject vulnerable patients to
the risk of developing hypoxia, myocardial ischemia, and the complications that follow.
In addition, this research study has implications for the quality improvement through the
development of weaning protocols and policy after CABG surgery.

Research: This research study contributes to critical care research. The new
knowledge derived from this study opens new avenues for future research, such as the
development of a preoperative risk assessment tool using the significant antecedence. The
knowledge of COPD and CHF has significant predictive value for DVWR after CABG
surgery and can be used to study the comparative preoperative risk factors. In addition,
interventional studies can be conducted with preoperative teaching and treatments among
above risky populations.
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Further, studying the perspectives of development of a preoperative teaching tool
and interventions focused on high-risk individuals may be useful. Next, incorporation of
significant antecedence in weaning protocols and development of patient specific and risk
specific weaning protocols may open the avenue for quality improvement of evidencebased projects. Testing the effectiveness of the weaning protocols, performance
assessment and comorbidity-specific weaning practice may be planned as an evaluation
research. In addition, this study may be conducted with a larger sample involving
multiple sites before generalizing the results and to test the reliability and validity of the
findings. Furthermore, the research design, methods, and analysis adopted and tested in
this study could aid in guiding future research addressing similar problems in other
populations, settings, and disciplines.
The findings of this research study may also contribute to cost-effective care in
critical care after CABG surgery. Including ICU length of stay as a variable may help to
study the cost involved in treating high-risk population. The significant antecedence may
help predict and prevent DVWR after CABG surgery, which in turn can result in reduced
ICU length of stay after CABG surgery. Thereby, it can reduce the postoperative ICU
cost.
Based on this study’s findings, the following further research questions arise:
1. This study found that there was a significant effect of time on RR, which leads to the
question regarding whether there are differences in the effect of time on RR between
cases and controls.
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2. This study found that there was a significant effect of the number of grafts on RR and
SPO2. This leads to the question regarding whether there are differences in the effect
of number of grafts on RR and SPO2.
3. This study found that there were differences in the effects of time on PAD, which
leads to the question about what are the differences in the effect of time on PAD.
4. This study found significant differences in the means of certain CPI including RR,
CO, CI, PAD, and SPO2, that lead to the question about what are the differences in
trends of above mentioned CPI.
5. This study found that COPD has a significant predictive value for DVWR, which
leads to questions such as:
•

What are the preoperative pulmonary indicators (volumes and compliances) that
exist with patients with COPD?

•

What are the preoperative treatments that can maximize the lung functions to
enhance normal weaning?

•

What are the other attributes that coexist with this disease condition that affect the
weaning outcome?

•

What is the clinical model that can guide in the postoperative management of
patients with COPD?

Conclusion
This retrospective case control study set out to find the values of CPI in the
prediction of DVWR after CABG surgery. The study was guided by three research
questions, which included describing the characteristics of CPI among patients with
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NVWR and DVWR after CABG surgery, finding the differences in characteristics of
cardiopulmonary indicators between patients with NVWR and DVWR after CABG
surgery, and building a prediction model for DVWR with significant antecedence. A
retrospective case control study was utilized with a time series design using a sample
consisting of 300 subjects who underwent CABG surgery. The results of the study were
derived from the statistical analysis by SAS performing a univariate analysis, repeated
measure ANOVA mixed procedure, and logistic regression analysis. The results of this
study revealed significant antecedence to predict DVWR after CABG surgery, which
includes COPD, CHF, MAP, RR, CO, PAD, and PASP. Therefore, this study concludes
with a recommendation that the above-mentioned significant antecedence may be used to
predict DVWR after CABG surgery in critical care. Further prospective studies are
needed to establish the cause and effect relationship of these predictors to DVWR after
CABG surgery.
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