
PULMONARY ARTERY CATHETERS, TRANSESOPHAGEAL 

ECHOCARDIOGRAPHY AND MORTALITY IN CORONARY ARTERY 

BYPASS GRAFTING IN ONTARIO 
 

 

 

 by  

 

Cara Reimer 

 

 

 

 

 

A thesis submitted to the Department of Public Health Sciences 

In conformity with the requirements for 

the degree of Master’s of Science 

 

 

 

 

Queen’s University 

Kingston, Ontario, Canada 

(April, 2017) 

 

Copyright ©Cara Reimer, 2017 



ii 

 

Abstract 

Problem:  There is controversy in the literature as to the extent and type of invasive monitoring that is 

appropriate for patients undergoing coronary artery bypass grafting (CABG).  The use of pulmonary 

artery catheterization (PAC) has been associated with increased postoperative mortality compared to 

central venous pressure monitoring (CVP), and the association between transesophageal 

echocardiography (TEE) and mortality has not been examined.  There is limited Canadian data examining 

these relationships. 

Methods:  A retrospective cohort study was undertaken using administrative database holdings at the 

Institute for Clinical Evaluative Sciences to identify patients undergoing CABG over a ten-year period 

(October 1, 2001 to September 30, 2011) and describe their comorbidities and exposure to invasive 

monitoring on the day of surgery.  Logistic regression was used to assess predictors of monitor use and to 

examine the association between monitoring type on the day of surgery and 30-day mortality. 

Results:  There were 52,202 patients in the cohort.  PAC use was the most common (67.2%), followed by 

PAC and TEE combined (26.5%), CVP alone (3.7%) and TEE alone (2.6%).  Patient comorbidities and 

institution were important predictors of monitor use in any given patient.  Over the study period, 638 

patients died within 30 days of CABG (1.22%).  Overall, no monitor was statistically associated with 

increased risk of 30-day mortality compared to CVP.  In subgroup analysis, exposure to PAC/TEE was 

associated with increased mortality compared to PAC alone (OR 1.48, 95% CI [1.22, 1.80].   

Conclusion:  Clinicians did not respond to the existing PAC literature by decreasing this monitor’s use.  

Despite this, there was no harmful association found in patients exposed to PAC compared to CVP.  Since 

the addition of TEE to PAC was associated with increased mortality in this cohort, it is recommended that 

clinicians and institutions critically evaluate the routine need for this monitor in patients undergoing 

CABG. 
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Chapter 1 

Introduction 

1.1 Background 

1.1.1 Introduction 

 

Heart disease affects 4.3% of the male and 2.9% of the female Canadian population, and has a 

prevalence that is increasing steadily over time.[1] It is the cause of 21.3% of deaths in Canada 

per year (approximately 51 000).[2] Coronary artery bypass grafting (CABG) surgery is indicated 

to improve survival or to improve symptoms in patients with significant coronary artery 

disease.[3] It is a common surgery, with approximately 6000 cases performed in Ontario each 

year.[4] 

CABG is a high-risk surgery with possible complications including bleeding, low blood pressure, 

arrhythmias, stroke, myocardial infarction, heart failure, acute kidney injury, and death. The 

Cardiac Care Network, in conjunction with the Institute for Clinical Evaluative Sciences  has 

published risk-adjusted mortality rates for CABG since 1999.[5] The most recently reported in-

hospital mortality rates from 2008-2011 in Ontario ranged from 1.64-1.82%.[6]  

Because of the potential for extremes in vital signs during and after CABG, extensive 

perioperative monitoring is used routinely for this surgery.  At a basic level, all patients receive 

real-time monitoring of blood pressure with an arterial line and central venous pressure with a 

central line (‘CVP’ monitoring).  The subsequent placement and use of more advanced monitors 

such as pulmonary artery catheters (PACs) and transesophageal echocardiography (TEE) can 

vary depending on patient, practitioner and institution.  For example, patients presenting for 
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CABG with significant preoperative cardiac dysfunction and other comorbid diseases such as 

renal, peripheral vascular or lung disease are more likely to be monitored more extensively than 

those without such problems.  Practitioners who have recently completed their sub-specialty 

cardiac anesthesia training may be more likely to use TEE, whereas practitioners who completed 

their training earlier may be more likely to use PAC.  Institutions may have postoperative pre-

printed orders that may mandate the presence of a monitor such as a PAC to enable healthcare 

professionals (e.g. nurses) to intervene in certain clinical situations independently, such as in the 

treatment of postoperative hypotension.   

That being said, the routine use of advanced monitors is controversial, especially in lower risk 

patients (e.g. good underlying cardiac function, limited comorbid disease).  Exposure to these 

monitors is not without risk, albeit low.  Although the costs associated with PAC (~$300 per 

patient) and TEE (~$200 minimum per patient) insertion, interpretation and maintenance are a 

small part of the total average elective CABG cost (approximately $16 000 per patient in 1992 

Canadian dollars [7]), these billings can become substantial given the large number of cases 

performed each year in the province.  

1.1.2 Pulmonary Artery Catheterization (PAC) 

 

The pulmonary artery catheter is inserted through a large central vein into the right side of the 

heart, and sits in the proximal pulmonary artery.  It can measure pulmonary and intracardiac 

pressures and allows for analysis of blood moving through the cardiopulmonary system.  This 

theoretically allows clinicians involved in perioperative CABG care (anesthesiologists, 

intensivists, surgeons, nurses) to modify medical therapy and optimize cardiac function.  
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The pulmonary artery catheter was quickly adopted as a ‘standard-of-care’ monitor in critically-ill 

patients after the publication of its invention and use by Swan and Ganz in 1970.[8] The 

widespread use of the PAC after its introduction made subsequent randomized trials difficult to 

perform because of ethical concerns of withholding a ‘standard monitor’.  However, the use of 

PACs dropped dramatically in critical care medicine in the United States [9] and Canada [10] 

after the 1996 publication of an observational study by Connors [11] which showed increased 30-

day mortality (OR 1.24, 95% CI [1.03, 1.49]) and hospital costs in those patients admitted to the 

intensive care unit and receiving a PAC.  A subsequent randomized trial in patients undergoing 

major surgery (not CABG) showed no benefit of the PAC over standard monitoring.[12] 

In CABG, clinicians began to question the PAC’s routine use much before this, in the 1980s [13], 

and saw its selective use as an opportunity to decrease the costs of this surgery [14] .   Formal 

prospective studies appeared in the late 1980s.  In 1989, Pearson et al. [15] published their 

‘randomized’ study (i.e. patient’s randomization to one group  could be changed by 

anesthesiologist or surgeon) examining the cost and benefit of PACs in CABG and valve surgery.  

They found mean monitoring and laboratory costs in patients with PACs were approximately 

double that of standard (CVP) monitoring and no difference between the groups in regard to in-

hospital mortality, length of intensive care unit stay or morbidity.  They concluded that patients 

with ‘good cardiac function’ could undergo CABG with CVP monitoring only.  This study is of 

primarily historical interest, as CABG and valve surgery patients were combined (with valve 

surgery having a higher mortality rate than CABG[6]), and no confounder adjustment was done.    

In the same year, Tuman et al. [16] published their prospective observational study of 1094 

CABG patients, and similarly found no difference in major outcomes between the two groups 

(CVP vs. PAC).  Adjustment for confounders was likely inadequate in this study, as patients were 
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stratified based on the presence of only three preoperative risk factors (recent myocardial 

infarction, ventricular dysfunction, congestive heart failure).   

Using 1997 data, a subsequent large retrospective cohort study [17] with over 13, 000 CABG 

patients from 56 hospitals in 26 states, reported a comprehensively adjusted OR for in-hospital 

mortality of 2.1 (95% CI [1.40, 3.14]) and longer length of stay for those patients receiving PAC 

compared to CVP.  Hospital costs were over one thousand dollars more per patient in the PAC 

group.  This paper also reported that in hospitals with the lowest 1/3 of PAC use, the adjusted OR 

for mortality was much higher (3.35, 95% CI [1.74, 6.47]).  It was hypothesized that institutions 

that routinely use the monitor somehow use it better than those who use it rarely (i.e. the more it 

is used, the better individuals are at interpreting or using the information from it).  One limitation 

of this study (and most subsequent large administrative data studies) was that the authors could 

only account for PAC insertion at any time during admission.  Therefore data from emergency 

PAC insertions and elective PAC insertions would have been combined.  If the PAC was inserted 

in an emergency situation postoperatively, for example, this could result in PAC being 

statistically associated with a poorer outcome.  

In 2011, Schwann et al. [18] reported their analysis from data collected for an international 

prospective observational study that occurred across 70 cardiac centers from 1996 to 2000.  Their 

primary outcome was a composite endpoint that included the occurrence of any of in-hospital 

death, myocardial infarction, congestive heart failure, stroke, renal dysfunction, or acute 

respiratory distress syndrome. Employing propensity score matching with 1273 matched pairs, 

they found an increased risk in the PAC group for the primary outcome (OR 1.68, 95% CI [1.24, 

2.26]) and for in-hospital mortality (OR 2.08, 95% CI [1.11, 3.88]).  It was noted that the 

presence of a PAC led to unnecessary interventions (namely, fluid, blood and drug 
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administration) that may have contributed to poorer outcomes and longer ICU stays.  Patients 

exposed to TEE were excluded from this analysis because ‘data obtained by this technique may 

have influenced interpretation of PAC data.’  A major strength of this report was the ability to 

identify PAC insertion timing:  only those patients who had a PAC prior to cardiopulmonary 

bypass were included in the PAC group.  In addition, given the seventy institutions and sixteen 

countries represented in this study, the researchers recognized the potential for institutional 

clustering and used generalized estimating equations in their analysis. 

Two studies in the literature include more recent data.  A ten-year (2000-2010) U.S. retrospective 

observational multi-institutional study [19] using a national database examined mortality and 

PAC use in over two million patients undergoing cardiac surgery (69% CABG, 28% valve+/- 

CABG, 3% double or triple valve+/- CABG).  The inclusion of valve and combined valve/CABG 

procedures, in addition to the fact that 48% of patients in this study underwent non-elective 

surgery, makes this a higher risk cohort.  Overall in-hospital mortality (OR1.34, 95% CI [1.26, 

1.43]), prolonged ventilation and length of stay were all increased in those patients exposed to 

PAC.  However, subgroup analysis found that there was no increased risk of death associated 

with PAC monitoring in ‘low risk’ (Parsonnet-based risk score<20) patients.  In their discussion, 

the authors noted that ‘patient selection and management [of pulmonary artery catheters] are not 

standardized, varying widely according to institution.’ The potential for clustering by institution 

was not investigated in this thousand-institution study and the use of TEE was not mentioned.  

Similar to other large administrative data studies, the timing of PAC insertion (e.g. elective 

preoperative vs. emergency postoperative) could not be specified. 

More recently, a 2015 study reporting 2012 data using propensity score matching found there was 

no difference in mortality between CVP alone and PAC monitoring groups in 1361 patients 
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undergoing CABG.  PAC monitoring, however, added about $600-700 dollars per case.[20] PAC 

exposure in this study was defined as elective, and both on- and off-pump procedures were 

included.  Exposure to TEE was not specified.  This was a one-institution study, which may limit 

the generalizability of its results.  

There is little information on how the medical literature has affected PAC insertion rates in 

CABG in Canada.  A 1998 survey paper [21] reported 20 of 30 large-volume cardiac centers in 

the United States still used PACs routinely for CABG.  A 2002 survey paper [22] (1998 data) 

including Canadian and American centres indicated that PAC was the preferred monitor by 78% 

of practitioners where TEE was available and 92% where TEE was not available.  A 2007 study 

utilizing administrative data by Wiener [9] showed an approximate 50% decrease in PAC use in 

CABG over time between 1993 and 2004 in the United States.  However, most recently, a 2015 

survey paper [23] with international respondents revealed that most cardiac surgery practitioners 

are still using PACs, with and without the use of TEE.   

Current U.S. guidelines (used in Canada) [3] suggest that the use of PACs are justified in CABG 

in sicker, unstable patients or ‘...clinically stable patients...after consideration of baseline patient 

risk, the planned surgical procedure and the practice setting.’  Given these broad 

recommendations and based on clinical experience, it is likely that both high and low risk patients 

are monitored using PAC in Ontario cardiac centres.   

Common risks of PAC placement include self-limited arrhythmias.  Arterial puncture during 

initial introducer insertion is less common.  Rare but serious complications include 

pneumothorax, pulmonary artery rupture, pulmonary infarction, and infection.[24] 
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1.1.3 Transesophageal Echocardiography (TEE) 

 

Transesophageal echocardiography is performed using a long, small diameter echocardiography 

probe inserted through the patient’s mouth and into the esophagus, where it sits behind the heart.  

TEE can be performed in awake or sedated patients, but in cardiac surgery the monitoring is done 

under general anesthesia (usually by an anesthesiologist trained and certified in TEE).  

The use of TEE to examine the heart during CABG was first reported in the mid- to late-

1980s.[25, 26] The basic advantage of TEE is that it gives the practitioner the ability to visualize 

cardiac and vascular anatomy and assess cardiac filling and function in real time.[27] This 

information can aid in the diagnosis and treatment of perioperative hypotension (low blood 

pressure), in addition to affecting the surgical plan.  For example, a surgeon may add a valve 

replacement to a CABG procedure, revise a bypass graft, or elect to avoid cardiopulmonary 

bypass completely in select patients based on intraoperative echocardiography.  Evidence 

supporting the use of TEE in CABG is presented in the literature primarily by the quantification 

of surgical and hemodynamic changes initiated by the monitor.  Rates of surgical changes as a 

result of the performance of intraoperative TEE vary from 4-15%.[28]  

Whether TEE examination actually results in changes to patient mortality has not been 

extensively studied.  Savage et al. compared mortality in a group of patients exposed to 

intraoperative TEE vs. a group of historical controls.  The mortality was higher in the historical 

controls with a similar ‘severity score’, although the difference was not statistically 

significant.[29] There is one report examining postoperative TEE exposure and morbidity and 

mortality after cardiac surgery (which included CABG).[30] This prospective study is largely 

descriptive.  Patients that underwent postoperative TEE were higher risk patients (sicker, valve 

replacements) and, unsurprisingly, had a higher mortality and worse postoperative outcomes than 
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those patients that did not have a TEE examination.  This study reported that the rate of 

postoperative TEE usage after CABG was 6.4%.  Indications for postoperative TEE examination 

included postoperative left ventricular function assessment, sudden clinical deterioration, 

exclusion of cardiac tamponade and significant electrocardiogram changes. 

As with PAC usage guidelines, those for TEE are similarly wide in their scope for suggested use.  

This again suggests that use of the monitor occurs in a heterogeneous (i.e. low and high risk) 

patient population.  Current perioperative TEE guidelines for CABG suggest that the monitor 

should be used ‘...for evaluation of acute and life threatening hemodynamic disturbances that 

have not responded to treatment’,[3] that TEE is ‘reasonable’ to perform as a routine 

procedure[3] and should be ‘considered…to confirm and refine the preoperative diagnosis, to 

detect new or unsuspected pathology, to adjust the anesthetic and surgical plan accordingly, and 

to assess the results of the surgical intervention’.[31] However, it is important to note that not all 

Anesthesiologists agree on its routine use, especially in patients with normal preoperative cardiac 

function.[31] In addition, TEE is an additional skill to learn and requires expensive 

echocardiographic equipment, meaning a significant initial investment by individual practitioners 

and hospitals and ongoing cost to a publicly funded health care system.  It has also been noted 

that TEE is time-consuming and can distract clinicians from intraoperative care of the patient.[27] 

TEE has been associated with a very low rate of overall complications (0.2%) from mild (sore 

throat) to severe and potentially lethal (esophageal injury 0.1%).[32, 33]. 
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1.1.4 Limitations of the Literature 

 

General 

There is no Canadian data describing the use of advanced monitoring or its association with 

mortality in CABG surgery.  Likewise, there is no Canadian literature examining trends in the use 

of advanced monitoring in CABG in response to prior reports of poorer outcomes with PACs.   

 

PAC 

Apart from one study attempting randomization[15] (where close to 50% of patients were 

reassigned after randomization by clinicians to different monitoring groups), the literature 

examining PAC monitoring and outcome is observational.  Studies are heterogeneous in terms of 

patient and institutional numbers and the ability to control for confounding variables.  The 

primary limitation of the literature examining PACs and outcomes in CABG when this thesis was 

being planned was that the data was generally older (up to the year 2000).  Surgical and 

anesthesia practices have evolved over this time period to include ‘fast-track’ programs, blood 

conservation techniques, and changes in anesthetic agents (from longer to shorter-acting).  

Perioperative mortality in CABG in Ontario has decreased over this time period despite a higher 

prevalence of older, sicker patients undergoing this operation.[4-6] The two more recent 

studies[19, 20] described above were published during the analysis stage of this thesis. 

 

TEE 

The major limitation in the CABG TEE literature is that there has not been a study examining 

mortality and its relationship to TEE that has attempted to control for confounders.  In addition, it 

is assumed that TEE-influenced interventions such as fluid or drug administration or decisions to 
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return (or not) to the operating room result in better patient outcomes.  However, this may not 

always be the case (as has been seen with PAC studies) and is debated in the literature.[34] [35] 

 

1.2 Rationale 

 

Past studies have found either minimal benefit or harm associated with the exposure to PAC 

(compared to CVP monitoring) and there is a lack of studies examining the mortality effect of 

exposure to another commonly used monitor, TEE.  Given the limitations of the literature and the 

lack of published Ontario data examining the frequency of usage and risk of usage of PAC and 

TEE, a retrospective cohort study was undertaken.   The goals were two-fold, to:  1) describe 

invasive monitor usage in CABG in the province; and 2) undertake regression analysis to 

examine the relationship between different levels of invasive monitoring and mortality in the 

cohort.  Ultimately, it was hoped with this research that its addition to the medical literature 

would give Ontario clinicians and institutions more information with which to help to decide on 

the extent of monitoring in this patient population.  
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Chapter 2 

General Methods 

2.1 Study Objectives 

 

The primary objective of this study was to compare short-term (30-day) mortality in those 

patients monitored with standard central line monitoring (CVP monitoring) to those patients 

receiving CVP monitoring plus: 1) pulmonary artery catheter (PAC) alone; 2) transesophageal 

echocardiography (TEE) alone; and 3) both PAC and TEE combined.  

The secondary objective was to describe the use of advanced monitoring in Ontario in CABG 

surgery.  This included reporting the frequency of PAC insertion and performance of TEE, and 

the patient characteristics associated with monitor use. 

 

2.2 Overview of Study Design and Study Population 

 

This was a retrospective cohort study using record linkage of some of Ontario’s administrative 

health databases, copies of which are housed at the Institute for Clinical Evaluative Sciences 

(ICES).  These datasets were linked using unique encoded identifiers and analyzed at the Institute 

for Clinical Evaluative Sciences (ICES) at Queen’s University.  The cohort included patients 

undergoing CABG surgery in Ontario between October 1, 2001 and September 30, 2011 at the 

eleven cardiac surgery centres in the province.  Exposure to elective PAC and TEE monitoring on 

the same day as the procedure was assessed using physician OHIP billing codes.  This exposure 

was assumed to be elective (i.e. preoperative, intraoperative).  Demographic information and 

important perioperative covariates related to the exposure and outcome were obtained from the 
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following databases:   Canadian Institute of Health Information Discharge Abstract Database 

(CIHI DAD), Cardiac Care Network (CCN), Ontario’s Health Insurance Plan (OHIP) and the 

National Ambulatory Care Reporting System (NACRS). Descriptive analysis of the cohort and 

more detailed methods on cohort assembly are presented in Chapter 3.  Logistic regression was 

used to compare postoperative mortality at different levels of monitoring.  These results and 

details related to these methods are presented in Chapter 4.   

 

2.3 Ethics 

 

This study was approved by the institutional review board at Sunnybrook Health Sciences Centre, 

Toronto, Canada and the Queen's University Health Sciences and Affiliated Teaching Hospitals 

Research Ethics Board (HSREB), Kingston, Canada.  Data from ICES is anonymized.  ICES 

privacy training was completed prior to data analysis and privacy laws were adhered to for the 

duration of the project.    

 

2.4 Data Sources and Quality 

 

Five of Ontario’s health administrative databases were linked for this study: Canadian Institute of 

Health Information Discharge Abstract Database (CIHI DAD), Cardiac Care Network (CCN), 

National Ambulatory Care Reporting System (NACRS), Ontario’s Health Insurance Plan (OHIP), 

and the Registered Persons Database (RPDB).  Copies of these databases are housed at ICES-

Toronto and can be accessed at Queen’s University via an ICES satellite unit.   Patient files are 
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linked across databases using unique ICES Key Numbers (IKNs) (encrypted versions of patient 

health card numbers).  Coding for this project can be reviewed in Appendix B. 

 

2.4.1 Databases 

 

1) Canadian Institute for Health Information Discharge Abstract Database (CIHI DAD) 

The Discharge Abstract Database contains patient-level data collected by hospitals and sent to the 

Canadian Institute for Health Information.  This includes demographic, procedural, length-of-stay 

and in-hospital death data.  Before 2002, procedures and interventions were coded in the DAD 

using the ‘International Classification of Diseases’ (version 9) and ‘The Canadian Classification 

of Diagnostic, Therapeutic, and Surgical Procedures’.  From 2002 onwards, the ‘International 

Classification of Diseases’ (version 10) and the ‘Canadian Classification of Health Intervention’ 

codes have been used.  Given that this study’s cohort entry time began in 2001, both ICD-9 and 

ICD-10 coding were used for this thesis.  Procedures (e.g. surgical code for cardiac surgery) are 

considered to be ‘very well coded’ in validation studies.[36]  

The CIHI-DAD database was used to identify patients for inclusion to the study, allow for patient 

exclusion, and define patient comorbidities.  Because of differences between the two different 

coding systems during the study period (i.e. CCP and CCI, ICD-9 and ICD-10), there are slight 

differences in definitions affecting the patients that fall in these two different time periods.  Hand 

searching was done to ensure codes were clinically comparable.   

 

 

2) Cardiac Care Network (CCN) 
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The Cardiac Care Network (CCN) is an Ontario registry of all patients that undergo cardiac 

interventions, one of which is CABG surgery.  Patients are registered with CCN and ‘listed’ for 

their procedure when they are referred for cardiac interventions. Data is collected by CCN 

coordinators at each hospital and is forwarded to ICES. 

Unlike most administrative databases, the CCN database is an enriched dataset containing 

multiple peri-procedural variables including preoperative demographics and comorbidities, and 

coronary anatomy and function.  The CCN database has evolved over time.   Specifically, a 2008 

change resulted in additional and more detailed coding.  During this study, it was found that 

depending on the covariate, year and hospital, missing data was variable in the cohort (see 

Appendix C).   

The CCN database was used in this study to exclude patients, identify patient comorbidities and 

emergency status and cardiac anatomy and function. 

 

3) National Ambulatory Care Reporting System (NACRS) 

This database includes reason for emergency department visit and discharge diagnosis using the 

Canadian Emergency Department Diagnoses Shortlist which is linked to ICD-10 coding.  

NACRS was used in this project to define comorbidity exposure, along with OHIP, CIHI-DAD 

and CCN sources. 

 

4) Ontario’s Health Insurance Plan (OHIP) 

Physicians bill Ontario’s Health Insurance Plan (OHIP) for most physician services in the 

province, including provision of surgical and anesthetic services for CABG, and PAC and TEE 

insertion and interpretation.  Since billing depends on submission from physicians and acceptance 
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of billing claims by OHIP, some billings can be missing or delayed. Physician billing claims from 

OHIP have been found to be complete, [37] which is not surprising given the remuneration 

involved in the submission of this data.  The OHIP database was used in this project to exclude 

patients, define monitor exposure and patient comorbidities. 

  

5) Registered Persons Database (RPDB) 

The Registered Persons Database provides basic information such as the date of birth, sex, and 

date of death of all Ontario residents with a health card number.  The data comes from the 

Ministry of Health.[38] The RPDB was used in this study to determine death within 30 days of 

CABG. 

 

2.5 Cohort 

 

Members of the study cohort were patients who were admitted to hospital and had CABG surgery 

between October 1, 2001 and September 30, 2011.  These patients were identified using the CIHI 

database and were then linked by ICES key number (IKN) with the other databases used in the 

study.  Patients were subsequently excluded from the initial cohort if they: 1) were not in the 

RPDB database; 2) had died before their CABG; 3) were not in the CCN database; 4) had a 

history of prior CABG in the CCN or CIHI database; 5) underwent an emergency CABG 

according to the CCN database; and 6) underwent additional cardiac procedures according to the 

CIHI and OHIP databases (see Figure 1).  Because it was thought that the detail of certain CCN 

covariates (coronary anatomy, cardiac function) would be important to control for confounding in 

the regression analysis, a post hoc decision was made to exclude those patients with missing CCN 
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data from the cohort. Cohort members were followed for thirty days from the date of their CABG 

surgery (cohort entry or t0) or until the occurrence of the study outcome.   The end of the study 

was 30 days after the last potential cohort entry (September 30, 2011).  We presumed that coding 

errors were responsible for those patients who were ‘not in the RPDB database’ and those who 

experienced ‘death before CABG’.  Those patients not in the CCN database we assumed 

underwent out-of-province procedures.   
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Figure 1:  Study cohort 
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2.6 Outcome and Exposure Definitions 

 

Outcome  

Thirty-day mortality was chosen as the primary outcome as short-term (in-hospital) mortality has 

been used in prior studies examining perioperative monitor usage [15-17, 19-21] and it is likely 

that the clinical effects of exposure to a perioperative monitor would be acute.  Since the study 

question is whether patients died rather than when they died, the outcome was dichotomized 

(dead vs. alive).  Moreover, given the short follow-up time and low event rate (between 1-2%), 

few cohort members had their follow-up censored. 

 

Exposure  

Relevant monitoring codes were obtained from both the CIHI and OHIP databases.  The 

monitoring code frequencies as billed through OHIP were consistent with our clinical experience 

with the frequency of monitor use.  The CIHI monitor frequencies, on the other hand, were 

markedly different (CVP: 76.76% (CIHI) vs. 3.70% (OHIP), PAC:  12.03% (CIHI) vs. 67.20% 

(OHIP), TEE 9.77% (CIHI) vs. 2.63% (OHIP) , and PAC/TEE 1.45% (CIHI) vs. 26.48% 

(OHIP)).  CCI codes were consistent with OHIP codes in only 14.4% of the patients in the cohort.  

Given that the OHIP coding was consistent with clinical experience, this database was used to 

define monitor exposure in the study.  It should be noted that neither database has been validated 

for use of these specific monitoring codes for research purposes.   

Exposure was measured on the day of surgery.  There were four levels of monitoring exposure: 1) 

No exposure (those patients receiving standard CVP monitoring), 2) PAC alone; 3) TEE alone; 

and 4) PAC and TEE combined.  PAC exposure was assessed using OHIP codes for insertion and 

thermal dilution (i.e. cardiac output) studies, whereas TEE exposure was identified using the 
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OHIP codes for probe insertion and professional component fees.  It was assumed based on 

clinical knowledge that patients undergoing PAC and TEE monitoring, either alone or in 

combination all had CVP monitoring as well (i.e. CVP monitoring was the basic monitoring upon 

which PAC and TEE were added).  CVP monitoring was assumed based on lack of PAC or TEE 

coding.  

 

2.7 Covariates and Confounders 

 

Important confounders of the monitor-mortality relationship were gleaned from the literature and 

then used in the logistic regression model.  Given the invasiveness of CABG, predictors of 

mortality associated with CABG have been studied extensively.  Unsurprisingly, the sicker the 

patient is preoperatively, the higher his/her risk of dying is after this surgery.[39]  

Risk models and predictive risk scores for mortality after CABG are numerous [40, 41]. To 

summarize, covariates associated with postoperative mortality can be divided into four main 

categories:  1) Patient characteristics such as increasing age, female sex, body mass index; 2) 

Comorbid disease states such as hypertension, diabetes, peripheral vascular disease, 

cerebrovascular disease, renal disease; 3) Severity of underlying cardiac disease as measured by 

ejection fraction on echocardiography, coronary vessels affected on coronary angiogram, angina 

severity, history of congestive heart failure; and 4) Urgency as indicated by cardiogenic shock 

and urgent or emergent surgery. 

The CABG literature incorporates covariates from the above categories to varying degrees for 

confounder control and to risk-adjust mortality outcomes.  The Cardiac Care Network (CCN) has 

been publishing reports on mortality after cardiac surgery in Ontario since 1999 [5], and these 
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logistic regression models have changed over time, reflecting ongoing improvement and more 

comprehensive data collection.  For example, the 2008 [4] Cardiac Care Network 30-day 

mortality logistic regression model had 17 covariates, including categories of age, sex, previous 

CABG, left ventricular ejection fraction, left main coronary artery disease, Canadian Cardiology 

Society angina class, cerebrovascular disease, and creatinine. The 2012 model [6] included most 

of the above covariates, plus more comorbid disease states (congestive heart failure, chronic 

obstructive pulmonary disease, peripheral vascular disease), and also incorporated ‘shock’ as an 

indicator of urgency.  The Society of Thoracic Surgeons also publishes CABG mortality risk 

models.  In their latest publication in 2009 [40], almost 775, 000 CABG surgeries over four years 

were included and the final model included 50 covariates.   

For this thesis, similar covariate adjustment was used as in previous studies. [18, 39, 42, 43]  The 

CCN database was used to obtain the following variables:  body mass index, creatinine, Canadian 

Cardiologist’ Society angina severity score, cardiac arterial anatomy (diseased vessels), left 

ventricular function, and the Urgency Rating Score[44] (a CCN-calculated score determining 

surgical urgency).  Patient comorbidities were defined using CCN, NACRS, OHIP and CIHI- 

DAD sources.  These variables included congestive heart failure, chronic obstructive pulmonary 

disease, cerebrovascular disease, depression, diabetes mellitus, hypertension, hyperlipidemia, 

myocardial infarction, and peripheral vascular disease.  The OHIP database was used to define 

surgical urgency based on an OHIP emergency indicator and also identify postoperative return to 

operating room.  Both OHIP and CIHI-DAD databases were used to define off-pump procedures 

and preoperative intra-aortic balloon pump (a marker of cardiogenic shock).  
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2.8 Statistical Analysis 

2.8.1 Descriptive Analysis 

 

The first part of the thesis includes a descriptive analysis of variables, including absolute numbers 

and percentages of use of advanced monitoring in the entire cohort.  In addition, patient, and 

institutional characteristics of each of the four monitoring groups (CVP, PAC, TEE, PAC/TEE) is 

reported.  All continuous variables were categorized, primarily to facilitate comparison to prior 

studies and CCN report cards.   The data are therefore reported using absolute numbers and 

percentages. 

 

2.8.2 Regression Analysis 

 

Multivariate logistic regression was used to examine the associations between patient covariates 

and monitor selection in Chapter 3 and between monitoring and mortality after CABG while 

adjusting for covariates in Chapter 4.  Given the rare incidence of the mortality outcome (1-2%), 

the odds ratio approximated the relative risk.  Both initial models and models for subgroup 

analysis were built using manual backwards selection guided by the Greenland method.[45] All 

potential variables were added to the initial model.  After non-significant variables were removed, 

confounding of the primary relationship under study (monitoring and mortality) was assessed by 

one-by-one removal of the variables left in the model.  If the odds ratios of the monitoring 

variables did not change more than 10% when a potential confounder was removed and the 

confidence interval of the primary relationship did not change significantly, then that variable was 

left out of the model.  This method ensures only those covariates that are significantly 
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confounding the primary relationship under study are left in the model, whilst confidence interval 

examination ensures that including the variable in the model does not adversely affect the power 

of the study.  After initial model building, clinically plausible interaction terms were added to the 

model one at a time to assess for statistical significance (p<0.05). These included monitor 

interactions with: Urgency Rating Scale, off-pump procedure, intra-aortic balloon pump, OHIP 

emergency indicator, sex, body mass index, age and institution.  Subsequently, subgroup analysis 

was carried out based on off-pump status, return to operating room and institution.  Goodness of 

fit was assessed using Hosmer-Lemeshow goodness of fit statistic and the c statistic.  For the 

primary model, the assumptions of logistic regression were satisfied.  Namely, the outcome was 

binary, the observations were independent, and the sample size was large (at least ten outcomes 

per independent variable).  Some models in the subgroup analysis deviated from this 10:1 ratio 

due to small numbers of deaths in substrata.  
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Chapter 3 

Perioperative monitoring in coronary artery bypass grafting in Ontario1 

3.1 Abstract 

 

Problem:  Use of invasive monitoring in coronary artery bypass grafting (CABG) surgery in 

Ontario has not been described.  This retrospective cohort study was undertaken to examine the 

frequency and predictors of use of central venous pressure monitoring (CVP), pulmonary artery 

catheterization (PAC) and transesophageal echocardiography (TEE) on the day of surgery in this 

patient population.   

 

Methods:  Administrative database holdings at ICES were used to identify patients undergoing 

CABG over a ten-year period (October 1, 2001 to September 30, 2011), describe their 

comorbidities and exposure to invasive monitoring on the day of surgery.  Logistic regression 

was used to assess predictors of monitor use. 

 

Results:  There were 52,202 patients in the cohort.  PAC use was the most common monitor used 

(67.2%), followed by PAC and TEE combined (26.5%), CVP alone (3.7%) and TEE alone 

(2.6%).  Exposure to PAC, either alone or in combination with TEE occurred in 93.7% of 

patients.  Use of PAC alone decreased and use of PAC in combination with TEE increased over 

the study period. In addition to patient comorbidities, institution was an independent predictor of 

monitor use. 

                                                      
1 This study will be submitted to the Canadian Journal of Anesthesia 
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Conclusion: Despite the medical literature’s reports of either harm or no benefit associated with 

PAC use before the study period, PAC use was high in the cohort. Sole CVP use was uncommon, 

being primarily limited to one institution.  TEE use, mostly in combination with PAC, increased 

over the study period, likely reflecting its uptake period in the province.  Comorbidities in this 

CABG cohort mirrored those reported in other large studies.   

 

3.2 Introduction 

 

Coronary artery bypass grafting (CABG) surgery is indicated to improve survival or to improve 

symptoms in patients with significant coronary artery disease.[3] Given the fact that CABG is a 

high-risk surgery, invasive monitoring is used in this population to help guide patient 

management.  All patients receive central venous pressure monitoring.  Further elective 

monitoring, in the form of pulmonary artery catheterization (PAC) and/or transesophageal 

echocardiography (TEE), can also be used.  The PAC has been used in medicine since the initial 

report of its use in 1970.[8]  TEE use was first reported in CABG in the 1980s [25, 26], with 

widespread use of this monitor gradually increasing over time.  

The frequency of PAC use dropped precipitously in critical care medicine in the United States [9] 

and Canada [10] after the 1996 publication of an observational study by Connors [11] which 

showed increased 30-day mortality (OR 1.24, 95% CI [1.03, 1.49]) and hospital costs in those 

patients admitted to the intensive care unit and receiving a PAC.   

In CABG, clinicians began to question the PAC’s routine use in the 1980s [13], and saw its 

selective use as an opportunity to decrease the costs of this surgery [14] .  Recent observational 
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studies have found either no benefit or have found harm associated with PAC use in CABG [18-

20].  The harm associated with PAC use is theorized to be due to unnecessary fluid and 

medication administration in response to information provided by the PAC.  There has been 

limited examination of the effect of TEE on postoperative mortality after CABG. 

How the observational literature has influenced PAC monitoring in Ontario is unknown.  The 

frequency of PAC monitoring in CABG has decreased over time according to a 2007 study 

utilizing administrative data by Wiener [9], which showed an approximate 50% decrease in PAC 

use in CABG over time between 1993 and 2004 in the United States.  However, survey studies 

would indicate that the majority of practitioners still employ PACSs.  A survey from 1998 [21] 

showed 20 of 30 large-volume cardiac centers in the United States used PACs routinely for 

CABG. A 2002 survey paper [22] (1998 data) including Canadian and American centres 

indicated that PAC was the preferred monitor by 78% of practitioners where TEE was available 

and 92% where TEE was not available.  Most recently, a 2015 survey paper [23] with 

international respondents revealed that most cardiac surgery practitioners are still using PACs, 

with and without the use of TEE.   

Since exposure to the PAC has been associated with either no benefit or harm in the literature[18-

20] and exposure to TEE has not been similarly investigated, this study was designed to examine 

the usage frequency and the predictors of invasive monitoring in Ontario, which has not yet been 

examined.  This was part one of a two-stage study plan to examine the association between 

monitoring and short-term mortality in CABG in Ontario’s eleven cardiac surgery centres.   

Given the previous surveys reporting continuing high PAC use in CABG, we hypothesized that 

this would hold true for this study.  Given clinical experience, we hypothesized that TEE use 

would be moderate during the proposed study period given the gradual ascendance of the monitor 
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over time.  Clinical recommendations for perioperative monitoring in CABG are broad.[3] We 

assumed, therefore, that patients of all levels of severity of illness would be exposed to all types 

of monitors (CVP, PAC, TEE, PAC/TEE) to enable comparison between groups.  

 

3.3 Methods 

 

This study was approved by the institutional review board at Sunnybrook Health Sciences Centre, 

Toronto, Canada and the Queen's University Health Sciences and Affiliated Teaching Hospitals 

Research Ethics Board (HSREB), Kingston, Canada.  Data from ICES is anonymized.  ICES 

privacy training was completed prior to data analysis and privacy laws were adhered to for the 

duration of the project.  Five of Ontario’s health administrative databases were linked for this 

study: Canadian Institute of Health Information Discharge Abstract Database (CIHI DAD), 

Cardiac Care Network (CCN), National Ambulatory Care Reporting System (NACRS), Ontario’s 

Health Insurance Plan (OHIP), and the Registered Persons Database (RPDB).  Copies of these 

databases are housed at ICES-Toronto and can be accessed at Queen’s University via an ICES 

satellite unit.   Patient files are linked across databases using unique ICES Key Numbers (IKNs) 

(encrypted versions of patient health card numbers).  Coding for this project can be reviewed in 

Appendix B.   

 

3.3.1 Cohort 

 

Patients who were admitted to hospital and had CABG surgery between October 1, 2001 and 

September 30, 2011 were identified using the CIHI database (n=70,681). These patients were 
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then linked by ICES key number (IKN) with the other databases used in the study (CCN, RPDB, 

OHIP, NACRS).  Patients were subsequently excluded from the initial cohort if they: 1) were not 

in the RPDB database (n=4); 2) had died before their CABG (n=20); 3) were not in the CCN 

database (n=3,965); 4) had a history of prior CABG in the CCN or CIHI database (n=3,267); 5) 

underwent an emergency CABG according to the CCN database (n=2,396); and 6) underwent 

additional cardiac procedures according to the CIHI and OHIP databases (n=1,545)).  A post hoc 

decision was made to also exclude from analysis those patients who were missing one or more 

study variables in the CCN database, resulting in a final cohort size of 52,202 (see Figure 2).  

This decision was made after examining missing data. 
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Figure 2:  Study flow diagram 
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3.3.2 Exposure 

 

Billing codes for pulmonary artery catheterization and transesophageal echocardiography were 

identified using the OHIP database. It was presumed from clinical experience that a PAC would 

not normally be inserted preoperatively, taken out for surgery and replaced after surgery.  

Therefore, a patient was considered exposed to PAC on the day of surgery if there was: 1) a PAC 

insertion code billed on the day of surgery +/- a PAC cardiac output code billed on the day of 

surgery; 2) a PAC insertion code billed the day before surgery plus a cardiac output code billed 

on the day of surgery or on postoperative day one; 3) a PAC cardiac output code billed the day 

before surgery and the day after surgery; 4) a PAC cardiac output code billed the day before 

surgery and on the day of surgery; or 5) there was a PAC cardiac output code billed on the day of 

surgery. Exposure to TEE was defined as the presence of: 1) OHIP TEE-specific or professional 

component echocardiographic codes billed on the day of surgery.  Exposure to CVP was assumed 

based on the absence of TEE or PAC coding.  It is important to note that ‘PAC alone’ and ‘TEE 

alone’ and ‘PAC/TEE’ presumes that CVP monitoring is also taking place.  In the case of TEE 

alone, the insertion of a central line was assumed.  In the case of PAC alone, the ability to 

monitor CVP is a property of the catheter.  

 

Covariates 

 

Age on day of surgery was calculated using the patient’s birthdate. The CCN, OHIP, CIHI and 

NACRS databases were all used to establish preoperative comorbidity exposure.  The 

comorbidity was defined as present if so defined in the CCN database prior to surgery, if there 

were two or more diagnostic codes in one year in the OHIP database prior to surgery, if there was 
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an ICD-9 or ICD-10 code with that comorbidity during a hospital admission prior to surgery, or 

an emergency visit with the corresponding comorbidity code prior to surgery.  Age, body mass 

index and creatinine were categorized to enable comparison to prior CCN report cards.  Off-pump 

bypass surgery was defined using both OHIP billing codes (only available starting in 2008) and 

lack of on-pump coding using the CIHI database (available from 2001-2011). 

3.3.3 Statistical Analysis 

 

The analysis for this paper was generated using [SAS/STAT] software, Version 9.2 of the SAS 

System for UNIX, SAS Institute Inc., Cary, NC, USA.  Data was compared visually across 

exposure groups to look for clinically relevant differences.  Basic descriptive statistics were used 

to describe the data.  Subsequently, four logistic regression models (one with each monitor as the 

outcome) were built using manual backwards selection guided by Greenland [45] to examine the 

predictors of monitor exposure. Priority was given to an inclusive rather than a parsimonious 

model because the outcome numbers were large (the smallest ‘outcome’ number being 1372 in 

the TEE alone group) and permitted more variables, the models were exploratory in nature, and 

they were not meant to function as a predictive models.  Goodness of fit was assessed using 

Hosmer-Lemeshow goodness of fit statistic and the c statistic.  The assumptions of logistic 

regression were satisfied.  Namely, the outcome was binary, the observations were independent, 

and there were large sample sizes (at least ten outcomes per independent variable).   
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3.4 Results 

 

The initial cohort after planned exclusions was comprised of 60,592 individuals.  Examination of 

patient covariates revealed missing data amongst those variables only available in the CCN 

database.  These variables were examined for frequency across exposure (monitor), outcome 

(death) institution, and year.  The frequency of ‘missingness’ amongst these covariates ranged 

between approximately 6-9%.  The percentage of missing data across monitor, death, institution 

and year are outlined in Appendix C.  

The proportion of missing data partially mirrored the proportion of patients exposed to monitors 

and experiencing the outcome.   Institutions varied in their successful variable collection.  In 

terms of year, 2001 had the most missing data:  60-90% of all missing data amongst missing 

variables were missing in this year.  In general, the frequency of missing data subsequently 

improved over the rest of the study period.  Since CCN variables are collected at the time of 

patient listing (i.e. time that patient was put on CABG waitlist), it is unlikely that this data would 

be missing based on which monitor was used or because of a patient’s outcome, both of which 

occur after listing.  However, since the missing variables were important predictors of monitor 

choice and patient outcome, and therefore potentially important confounders, the cohort was 

subsequently restricted to those patients without missing data.  

In addition, the variables creatinine, height and weight from the CCN database had wide standard 

errors and some values that were nonsensical.  Arbitrary ranges (weight less than 36.4 kg (80 lbs.) 

or greater than 227.3 kg (500 lbs.), height less than 137.2 cm (4’6”) or greater than 213.4 cm 

(7’0”), creatinine<39 μmol/L) were established, and if the patient’s covariate value fell outside of 

these ranges, the data was considered ‘missing’ and he/she was excluded from the study. 
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After excluding the patients with missing CCN data, there were 52,202 patients in the cohort.  

CVP alone was used in 3.7% of the cohort, with 67.2% of patients receiving PAC, 2.6% receiving 

TEE, and 26.5% receiving the PAC/TEE combination (see Table 1).  Due to the presence of some 

small cell sizes, in accordance with ICES privacy policies some data in this table is suppressed 

(‘N/A’). 

Table 1: Characteristics of study cohort by monitor exposure 

*All percentages column percentages unless otherwise indicated 

 CVP  n (%) PAC  n (%) TEE  n (%) PAC/TEE  n (%) Total  n (%) 

Total (row%) 1929 (3.70) 35080 (67.20) 1372 (2.63) 13821 (26.48) 52202 (100) 

Demographics  

Age  

<65 893 (46.29) 16357 (46.63) 661 (48.18) 6240 (45.15) 24151 (46.26) 

65-75 668 (34.63) 12137 (34.60) 436 (31.78) 4795 (34.69) 18036 (34.55) 

>75 368 (19.08) 6586 (18.77) 275 (20.04) 2786 (20.16) 10015 (19.19) 

Sex  

Male 1472 (76.31) 27738 (79.07) 1087 (79.23) 11094 (80.27) 41391 (79.29) 

Female 457 (23.69) 7342 (20.93) 285 (20.77) 2727 (19.73) 10811 (20.71) 

Body mass index  

<20 45 (2.33) 559 (1.59) 16 (1.17) 232 (1.68) 852 (1.63) 

20-24.9 342 (17.73) 7805 (22.25) 258 (18.80) 2998 (21.69) 11403 (21.84) 

25-29.9 818 (42.41) 15269 (43.53) 604 (44.02) 5833 (42.20) 22524 (43.15) 

>30 724 (37.53) 11447 (32.63) 494 (36.01) 4758 (34.43) 17423 (33.38) 

Comorbidities  

Canadian Cardiovascular Society 

angina severity score 

 

0-4 1199 (62.16) 19001 (54.16) 736 (53.64) 7274 (52.63) 28210 (54.04) 

4A, 4B, L, I  605 (31.36) 14393 (41.03) 559 (40.74) 5743 (41.55) 21300 (40.80) 

4C, 4D, H, E 125 (6.48) 1686 (4.81) 77 (5.61) 804 (5.82) 2692 (5.16) 

Congestive heart failure  291 (15.09) 6492 (18.51) 156 (11.37) 3091 (22.36) 10030 (19.21) 

Chronic obstructive pulmonary 
disease 

357 (18.51) 5072 (14.46) 242 (17.64) 2313 (16.74) 7984 (15.29) 

Cerebrovascular disease 208 (10.78) 3640 (10.38) 110 (8.02) 1474 (10.66) 5432 (10.41) 
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Creatinine  
μmol/L 

 

<120 1722 (89.27) 30707 (87.53) 1248 (90.96) 11944 (86.42) 45621 (87.39) 

120-180 175 (9.07) 3387 (9.66) 93 (6.78) 1446 (10.46) 5101 (9.77) 

>180 32 (1.66) 989 (2.81) 31 (2.26) 431 (3.12) 1480 (2.84) 

Depression 517 (26.80) 9281 (26.46) 406 (29.59) 3622 (26.21) 13826 (26.49) 

Diabetes mellitus 723 (37.48) 14065 (40.09) 481 (35.06) 5659 (40.94) 20928 (40.09) 

Hypertension 1243 (64.44) 23688 (67.53) 1016 (74.05) 9877 (71.46) 35824 (68.63) 

Hyperlipidemia  1051 (54.48) 21000 (59.86) 933 (68.00) 8810 (63.74) 31794 (60.91) 

Myocardial infarction 931 (48.26) 17926 (51.10) 731 (53.28) 7549 (54.62) 27137 (51.98) 

Peripheral vascular disease 228 (11.82) 4590 (13.08) 138 (10.06) 1794 (12.98) 6750 (12.93) 
 

Urgency rating score (CCN)  

Elective 843 (43.70) 14948 (42.61) 558 (40.67) 5180 (37.48) 21529 (41.24) 

Semi-Urgent 627 (32.50) 12283 (35.01) 413 (30.10) 4761(34.45) 18084 (34.64) 

Urgent 397 (20.58) 6999 (19.95) 363 (26.46) 3462 (25.05) 11221 (21.50) 

Emergent 62 (3.21) 850 (2.42) 38 (2.77) 418 (3.02) 1368 (2.62) 

Vessels (>70% stenosis of left 

anterior descending, circumflex, or 

right coronary artery) 

 

0 40 (2.07) 781 (2.23) 30 (2.19) 266 (1.92) 1117 (2.14) 

1 200 (10.37) 4299 (12.25) 171 (12.46) 1579 (11.42) 6249 (11.97) 

2 637 (33.02) 12312 (35.10) 491 (35.79) 4784 (34.61) 18224 (34.91) 

3 1052 (54.54) 17688 (50.42) 680 (49.56) 7192 (52.04) 26612 (50.98) 

 Left main disease (>50% stenosis) 577 (29.91) 9900 (28.22) 424 (30.90) 4118 (29.80) 15019 (28.77) 

Left ventricular function, grade  

1 1171 (60.71) 19675 (56.09) 885 (64.50) 7061 (51.09) 28792 (55.15) 

2 538 (27.89) 10219 (29.13) 368 (26.82) 4160 (30.10) 15285 (29.28) 

3 198 (10.26) 4495 (12.74) 102 (7.43) 2130 (15.41) 6899 (13.22) 

4 22 (1.14) 717 (2.04) 17 (1.24) 470 (3.40) 1226 (2.35) 
 

Perioperative  

Off-pump procedure 124 (6.43) 8524 (24.30) 74 (5.39) 1227 (8.88) 9949 (19.06) 

Preoperative intra-aortic balloon 
pump 

14 (0.73) 639 (1.82)  8 (0.58) 422 (3.05) 1083 (2.07) 

OHIP emergency indicator (e020) 66 (3.42) 1885 (5.37) 108 (7.87) 1094 (7.92) 3153 (6.04) 

Return to operating room   28 (1.45) 1087 (3.10) 20 (1.46)  403 (2.92) 1538 (2.95) 
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Institution      

Academic 1850 (95.90) 27151  (77.40) 1029 (75.00) 9873 (71.43) 39903 (76.44) 

Non-academic 79 (4.10) 7929 (22.60) 343 (25.00) 3948 (28.57) 12299 (23.56) 

0 1547 (80.20) 34 (0.10) 689 (50.22) 55 (0.40) N/A1 

1 113 (5.86) 3961 (11.29) 44 (3.21) 804 (5.82) N/A 

2 19 (0.98) 5670 (16.16) N/A 1282 (9.28) N/A 

3 9 (0.42) 1591 (4.54) 47 (3.43) 404 (2.92) N/A 

4 61 (3.16) 1888 (5.38) N/A 649 (4.70) NA 

5 24 (1.24) 3614 (10.30) N/A 1095 (7.92) N/A 

6 85 (4.41) 3023 (8.62) 232 (16.91) 3722 (26.93) N/A 

7 18 (0.93) 2574 (7.34) N/A 1246 (9.02) N/A 

8 12 (0.62) 207 (0.59) 340 (24.78) 3024 (21.88) N/A 

9 35 (1.81) 6684 (19.05) 8 (0.58) 1265 (9.15) N/A 

10 6 (0.31) 5834 (16.63) N/A 275 (1.99) N/A 
1 Because of some small cell sizes, some data was suppressed due to ICES privacy policies 
 

The proportion of patients exposed to any PAC was 93.7% and to any TEE was 29.1%.  Whereas 

PAC use was reported in every study year, TEE use was reported in every year of the study 

period only in 3 of the 9 institutions that had cardiac programs from the beginning of the study 

period (two more followed in 2003, 3 in 2004, 1 in 2005 and the last two in 2006).   Two 

institutions started their cardiac program in 2003, and thus did not contribute any data until this 

year.  Because of a large proportion of missing data in 2001 and the start date of the study period 

(September), this year contributed very little to the cohort in terms of numbers (n=16).   Likewise, 

because of the shortened final year of the cohort, 2011 contributed less patients compared to other 

years.  Academic institutions represented the majority of hospitals (9 out of 11) and patients 

(n=39,903) in the study.  Non-academic institutions used less CVP, slightly less PAC and slightly 

more PAC/TEE than academic centres.  
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The mean age of the cohort was 65.1 years (SD 9.9).  The majority of cohort members were male 

(79.3%) and overweight (43.2%).   Half of the patients had angina at rest or with limited activity 

as per the Canadian Cardiovascular Society’s angina classification system.   Not surprisingly, risk 

factors for coronary artery disease and associated diseases were common:  hypertension (68.6%), 

hyperlipidemia (60.9%), diabetes mellitus (40.1%), previous myocardial infarction (52.0%), 

congestive heart failure (19.2%).  The majority of patients (51.0%) had three-vessel disease with 

28.8% having left main disease.   Most (55.1%) patients had normal (grade one) left ventricular 

function, whereas those with mild, moderate and severe ventricular dysfunction made up 29.3%, 

13.2% and 2.35% of the cohort, respectively.  Other measured comorbidities included chronic 

obstructive pulmonary disease (15.3%), cerebrovascular disease (10.4%), peripheral vascular 

disease (12.9%) and depression (26.5%).  The mean preoperative creatinine of the cohort was 

99.0 μmol/L (SD 65.8).  Based on the Urgency Rating Score, the proportion of patients 

undergoing elective, semi-urgent, and urgent surgery were 41.2%, 34.6%, and 21.5%, 

respectively.  Despite excluding patients undergoing emergency surgery during cohort formation, 

2.6% of patients had an urgency rating score corresponding to a recommended wait time (0-2 

days) for emergency surgery. Just over 2% of patients had an intra-aortic balloon pump inserted 

preoperatively, which is an indicator of instability and is associated with procedural urgency.  

Another emergency indicator collected from OHIP (E020) occurred in 6.04% of the cohort.  

Patients undergoing off-pump surgery made up 19.1% of the cohort with one institution 

performing 57.8% of all off-pump surgeries. 

Since the use of OHIP diagnostic codes has the potential to overcall the presence of 

comorbidities, overall rates of comorbidities were examined after removal of these diagnostic 

codes from the comorbidity definition (i.e. using only CIHI hospital, NACRS emergency room 
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and CCN data).  The rates dropped approximately 2.5% on average, apart from depression (24%).  

This likely reflects the mostly outpatient treatment of this comorbidity and the lack of its 

collection by CCN.  Previous MI was 7.4% higher using OHIP diagnostic codes.  This may 

reflect ‘silent’ MIs and/or abnormalities picked up on outpatient ECGs.  There were distinct 

patterns of monitor exposure by institution and by year in the cohort (see Figure 3 and Figure 4).   

 

Figure 3: Percentage of monitor use within institution 
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Figure 4:  Percentage of monitor use by year 

 

 

With notable exceptions, the predominant pattern of monitor exposure was: a low exposure to 

CVP, a high exposure to PAC, a low exposure to TEE and a moderate exposure to PAC and TEE 

combined.  Apart from institution ‘0’ (66.61%), all institutions had a low rate of CVP use 

(ranging from 0.10-2.33%).  All ten other institutions had high PAC usage rates, either alone or 

combined with TEE (mean 97.54%, range 90.24-99.90%).  Rates of TEE use, either alone or 

combined with PAC were lower (mean 30.92%, range 4.49-93.86%). The majority of exposure at 

institution ‘8’ (84.43%) and institution ‘6’ (52.64%) was to the PAC/TEE combination.  The use 

of TEE on its own was uncommon apart from institution ‘0’ (29.58%) and institution ‘8’ (9.43%).  

On average, both PAC and TEE usage rates were higher in non-academic than academic 

institutions (any PAC use 93.8% vs. 87.7%, any TEE use 48.0% vs. 26.9%).   

Decreases in PAC alone use across the study period mirrored the increase in PAC/TEE use, 
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No patients had procedural or billing codes for esophageal or pulmonary artery interventions 

during their admission, suggesting a low rate of serious complications secondary to the monitors.  

Monitor use was predicted both by patient comorbidity and institution.  These regression analyses 

are presented in Table 2.  To facilitate reading, those variables not statistically associated with 

monitor use were left out of the table.  Some institutional results are not presented in the table 

(‘N/A’), as some did not use the monitor in question at a high enough frequency to obtain an odds 

ratio.   
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Table 2:  Logistic regression models for prediction of monitor exposure 

Variable CVP=full model  PAC=full model TEE=full model PAC/TEE=full model 
Hosmer-Lemeshow p 
value 

0.9692 0.0001 0.1498 0.0001 

c statistic 0.94 0.82 0.93 0.79 
Age 65-75 - - - - 
Age >75 - - - 1.09 (1.03, 1.16) 
Angina class 1 - 1.31 (1.23, 1.39) - 0.79 (0.75, 0.84) 
Angina class 2 - 1.78 (1.53, 2.08) 0.48 (0.33, 0.71) 0.61 (0.53, 0.71) 
BMI 20-24.9 0.44 (0.27, 0.72) 1.20 (1.01, 1.43) - - 
BMI 25-29.9 0.49 (0.31, 0.78) 1.34 (1.12, 1.59) - 0.79 (0.66, 0.94)  
BMI >=30 - - - 0.83 (0.70, 0.99) 
Female - 1.11 (1.05, 1.18) - 0.90 (0.85, 0.95) 
Hyperlipidemia - 0.76 (0.72, 0.79) 1.68 (1.47, 1.92) 1.24 (1.18, 1.30) 
Hypertension - 0.81 (0.77, 0.85) 1.37 (1.19, 1.58) 1.20 (1.13, 1.26) 
Cerebrovascular 
disease 

- - 0.74 (0.59, 0.92) - 

Chronic obstructive 
pulmonary disease 

- -  - 

Congestive heart 
failure 

- 0.82 (0.77, 0.87) 0.76 (0.62, 0.93) 1.25 (1.18, 1.33) 

Creatinine 120-180 - - 0.74 (0.59, 0.94) - 
Creatinine >180 - - - - 
Diabetes - 0.94 (0.89, 0.98) - 1.10 (1.04, 1.14) 
Intra-aortic balloon 
pump 

- 0.73 (0.63, 0.86) 0.39 (0.19, 0.80) 1.36 (1.17, 1.58) 

Left ventricular 
function grade 2 

- - 0.71 (0.62, 0.81)  - 

Left ventricular 
function grade 3 

0.68 (0.55, 0.85) 0.84 (0.78, 0.91) 0.45 (0.36, 0.58) 1.34 (1.25, 1.45) 

Left ventricular 
function grade 4 

0.32 (0.19, 0.54) 0.69 (0.59, 0.81) 0.43 (0.25, 0.73) 1.73 (1.48, 2.00) 

Myocardial infarction - 0.90 (0.86, 0.95) 1.25 (1.09, 1.42) 1.09 (1.04, 1.15) 
Off-pump procedure - 1.21 (1.12, 1.32) - 0.82 (0.75, 0.88) 
Peripheral vascular 
disease 

-  - - 

Return to operating 
room 

- 1.24 (1.08, 1.42) 0.55 (0.34, 0.91) 0.85 (0.74, 0.97) 

Urgency rating score 1 - 0.93 (0.88, 0.99) - 1.19 (1.02, 1.15) 
Urgency rating score 2 0.52 (0.47, 0.68) 0.81 (0.74, 0.88) 1.38 (1.11, 1.71) 1.25 (1.15, 1.36) 
Urgency rating score 3 - 0.78 (0.64, 0.96) 1.84 (1.09, 3.11) 1.28 (1.04, 1.56) 
Emergency OHIP 0.59 (0.42, 0.82) 0.40 (0.37, 0.44) 2.19 (1.71, 2.79) 2.37 (2.15, 2.60) 
Institution 0 536.03 (379.09, 

757.95) 
0.00 (0.00, 0.00) 451.54 (224.07, 909.94) 0.12 (0.09, 0.16) 

Institution 1 5.75 (3.92, 8.43) 0.90 (0.82, 0.99) 9.15 (4.30, 19.48) - 
Institution 2 - 0.90 (0.82, 0.98) - 1.13 (1.03, 1.23) 
Institution 3 - 0.69 (0.61, 0.78) 25.88 (12.19, 54.92) 1.25 (1.10, 1.42) 
Institution 4 6.01 (3.94, 9.15) 0.58 (0.52, 0.65) - 1.55 (1.39, 1.73) 
Institution 5 - 0.69 (0.63, 0.76) - 1.45 (1.32, 1.59) 
Institution 6 3.09 (2.08, 4.58) 0.14 (0.13, 0.15) 35.54 (17.53, 72.06) 6.08 (5.62, 6.58) 
Institution 7 N/A 0.44 (0.40, 0.48) - 2.302 (2.12, 2.55) 
Institution 8 N/A 0.01 (0.01, 0.01) 111.29 (55.07, 224.87) 29.94 (26.81, 33.44) 
Institution 10 0.26 (0.11, 0.61) 4.20 (3.60, 4.89) N/A 0.24 (0.21, 0.28) 
 

In general, as expected, worsening patient comorbidities and increased urgency predicted more 

monitoring, although there were exceptions.  Increasing left ventricular dysfunction predicted 
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PAC/TEE use. Most variables associated with increased severity of preoperative illness 

(hyperlipidemia, hypertension, congestive heart failure, diabetes, intra-aortic balloon pump, left 

ventricular dysfunction, emergency indicators) were associated more with PAC/TEE than the use 

of PAC alone.  Institution was independently associated with monitor use.  Depending on the 

monitor and the institution, odds ratios ranged from zero to over five hundred. 

 

3.5 Discussion 

 

This data gives insight into monitoring use for CABG in Ontario.  The pulmonary artery catheter 

is still a widely used monitor in CABG surgery (93.7% patients had a PAC during the study 

period).  TEE use (either alone, or, more commonly with PAC) increased over the study period 

(29.1%).  In fact, it is presumed that this study captured the adoption period of TEE use in most 

institutions.   In regard to patient characteristics, the frequency of preoperative comorbidities in 

this cohort is comparable to other large observational studies covering similar time periods. [19, 

46]  There is a slightly higher proportion of male sex (79.3%) in this study compared to others.  

The descriptive results in this paper complement the results of two survey studies whose data are 

temporally located on either end of this study’s time period.  The 1998 North American survey 

[22] reported that PAC was used 78-92% of the time in cardiovascular surgery, depending on 

availability of TEE (i.e. PAC was used less often when TEE was available).  Our study’s results 

suggest that although there were two institutions that decreased their total PAC use and started to 

use TEE alone, it was much more common to use both monitors together.  This makes intuitive 

sense on a number of levels:  1) the monitors are complementary in that they give different, but 

related, information; 2) it is unusual for institutions and individuals to completely abandon an 
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established monitor such as the PAC for a new one such as TEE; 3) practitioners were likely 

undergoing echocardiography training during this period, so used data from the PAC while they 

were learning how to perform echocardiography; and 4) practically- speaking, the PAC can be 

left in and utilized postoperatively as a constant source of monitoring, whereas TEE does not lend 

itself to this.  

The more recent (2012) international survey[23] observed that the use of PAC for CABG was 

still high, but was different depending on type of practice (79.2% in ‘private practice’, 64.5% in 

‘academic practice’ and 34% in ‘government practice’). All of the institutions in our study are 

government-funded.  There were small differences in monitor use between academic and non-

academic institutions, but it was not dramatic.  Sole CVP use took place primarily at one 

academic institution.   Both surveys highlighted the role of TEE as primarily a complementary 

monitor in most circumstances.   

It was expected based on clinical experience that sicker patients would likely be exposed to more 

monitoring than those that were healthier.  Indeed, the logistic regression models showed that the 

PAC/TEE combination, in particular, was associated with more patient comorbidities.  This 

showed that the further analysis planned for this cohort (the relationship between monitor 

exposure and mortality) would require adjustment for confounding, given the likely presence of 

selection bias.  Institution was highly associated with monitor exposure, with very high and low 

odds ratios.  This may mean that for some patients one of the most important predictors of 

monitor exposure had less to do with how unwell they were, and more to do with where they 

were having surgery.   

It is interesting that despite a number of observational studies in the CABG literature suggesting 

minimal benefit or even harmful effects associated with the PAC that this monitor maintains its 
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popularity, irrespective of the advent of TEE.  It could be that data from a PAC simplifies the 

administration of postoperative protocols.  In addition, perhaps practitioners are not completely 

convinced of the evidence, as there has never been a randomized controlled trial.  Maybe the 

overall low mortality rates in CABG supports a general feeling of reluctance to change 

established and successful practice patterns.   

The limitations of this descriptive study include those commonly attributed to large observational 

studies utilizing administrative data.  Specifically, using data, which although routinely utilized 

for research, are not specifically collected for research purposes.  As these databases are always 

undergoing improvement and changes, coding changes occur over time and variables can be 

variably available.  Where possible, more than one source was used to define the variables in 

hopes that exposure would not be missed.  Using OHIP diagnostic codes may have overestimated 

comorbidity exposure in this study. The decision to restrict the cohort to those patients not having 

missing data means that estimates of comorbidities and monitor exposure may not hold true for 

those patients who were excluded.  Billing codes were relied upon to define monitor exposure 

status, which presumes that practitioners’ billings were accurate.   

In conclusion, this study examined monitoring practices in CABG surgery in Ontario.  It revealed 

that the pulmonary artery catheter is still commonly being used in this patient population.  Given 

the low rate of sole TEE use and the higher rate of TEE combined with PAC, it seems likely that 

TEE is being used primarily as a complementary diagnostic tool in the management of these 

patients.  This data adds to the literature as the only Canadian study examining monitor exposure 

in a large cohort of patients and served as a starting point to examine the associations between 

monitor exposure and outcome in this cohort.   
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Chapter 4 

Perioperative monitoring and mortality in coronary artery bypass 

grafting in Ontario2 

4.1 Abstract 

 

Problem:  There is controversy in the literature as to the extent and type of perioperative invasive 

monitoring that is required for patients undergoing coronary artery bypass graftring (CABG).  

The use of pulmonary artery catheterization (PAC) has been associated with increased 

postoperative mortality compared to central venous pressure monitoring (CVP), and the 

association between transesophageal echocardiography (TEE) and mortality has not been 

examined.   

 

Methods:  Administrative database holdings at ICES were used to identify patients undergoing 

CABG in Ontario over a ten-year period (October 1, 2001 to September 30, 2011), describe their 

comorbidities and exposure to invasive monitoring on the day of surgery.  Logistic regression 

was used to examine the association between monitoring type on the day of surgery and 30-day 

mortality in this cohort of 52,202 patients.   

 

Results:  Over the ten-year study period, 638 patients died within 30 days of CABG (1.22%).  The 

most important predictors of short-term mortality in the model were: age>75 (OR 3.20, 95% CI 

[2.56, 4.00]), preoperative intra-aortic balloon pump (OR 6.00, CI [4.71, 7.66]), and return to 

                                                      
2 This study will be submitted to the Canadian Journal of Anesthesia 
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operating room (OR 6.10, 95% CI [4.79, 7.77]).  Of the patients that died, 4.6% were exposed to 

CVP alone, 56.1% to PAC, 1.41% to TEE, and 37.9% to PAC/TEE.  Overall, no monitor was 

statistically associated with increased risk of 30-day mortality compared to CVP alone.   In the 

one institution where PAC exposure was rare, its use was associated with increased mortality 

compared to CVP.  Subgroup analysis undertaken in the patients exposed to PAC and PAC/TEE 

revealed an overall increased mortality of PAC/TEE compared to PAC (OR 1.48, 95% CI [1.22, 

1.80].  This result was driven by three institutions who used PAC more than PAC/TEE.  

 

Conclusions:  Overall, no monitoring modality conferred protection or added risk to patient 

mortality compared to CVP monitoring.  However, subgroup analysis suggested that there was 

harm using monitors that were not used frequently in the institution.  This was true with PAC 

compared to CVP in the one institution where PAC use was rare, and PAC/TEE compared to 

PAC alone in some institutions with lower TEE use.  Whether the addition of TEE to PAC 

confers actual real risk to the patient, is a result of misclassification bias or of historical 

significance and related to the adoption and learning period associated with a new technology 

remains to be elucidated.  Given these results, there is no compelling evidence for recommending 

any specific monitoring modality.  However, this should not keep clinicians and institutions from 

critically evaluating the need for advanced monitors in CABG in their patients, especially if these 

monitors are not commonly used in their practice.   

 

 

 



 

 

 

45 

4.2 Introduction 

 

Coronary artery bypass grafting (CABG) surgery is indicated to improve survival or to improve 

symptoms in patients with significant coronary artery disease.[3] Invasive monitoring (central 

venous pressure monitoring, pulmonary artery catheterization, transesophageal 

echocardiography) is used in this population to help guide patient management.  

Since the 1980s[15, 16], the routine use of perioperative pulmonary artery catheterization in 

CABG has been questioned, and exposure to this monitor has been associated with either no 

benefit or harm compared to basic central venous pressure monitoring.[17-19] All of the studies 

examining this association have been observational, with the majority reporting on data from the 

late 1980s and 1990s.  In 2011, Schwann et al. [18] reported their analysis from data collected for 

an international prospective observational study that occurred across 70 cardiac centers from 

1996 to 2000.  Employing propensity score matching with 1273 matched pairs, they found an 

increased risk in the PAC group for in-hospital mortality (OR 2.08, CI [1.11, 3.88]).  Patients 

exposed to TEE were excluded from this analysis.  The most recent and largest retrospective 

study from the United States examining the association between PAC and mortality included two 

million cardiac surgery patients, 69% of who underwent CABG.[19] In-hospital mortality 

(OR1.34, 95% CI [1.26, 1.43]) was increased in high-risk patients (based on Parsonnet score) 

exposed to PAC compared to CVP, but was not significantly different in patients deemed low risk 

(OR 1.12, 95% CI [0.75, 1.68]).   

Transesophageal echocardiography is used frequently in CABG to assess cardiac and vascular 

anatomy during surgery.  The outcome literature related to this monitor’s usefulness is primarily 

related to the measurement of surgical changes that result from its use, which is reported 

anywhere from 4-15%.[28]  
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Neither the frequency of use of invasive monitors nor their impact on mortality has been reported 

in Ontario.  We undertook this research to measure monitoring frequency in CABG and assess its 

association with short-term mortality.   

Surveys report that PAC use continues to be high in CABG [22, 23] despite its association with 

higher mortality.  Indeed, in Part I of this study, we found that PAC was used in 93.7% of patients 

in this cohort undergoing CABG from 2001-2011 in Ontario.  PAC was used alone in 67.2% of 

these cases and the rest of the time in combination with TEE.  Central venous pressure 

monitoring on its own was only used in 3.7% of patients.  The use of TEE alone was even less 

frequent, at 2.6%.  Predictors of monitor use varied depending on monitor.  Although, in general, 

patient comorbidity and disease severity predicted additional patient monitor exposure, institution 

was also an independent predictor.  We subsequently undertook regression analyses to examine 

the association between monitors and mortality in this cohort. We hypothesized, in accordance 

with prior research, that PAC exposure would be associated with higher mortality compared to 

CVP.  We were unsure of the relationship that would exist between TEE and mortality given the 

paucity of study of this relationship in the literature.  It is generally presumed that additional 

information from such a monitor would be protective.  However, since this has proven to be 

untrue in the PAC literature, it was not assumed prior to this study.  

 

4.3 Methods 

 

This study was approved by the institutional review board at Sunnybrook Health Sciences Centre, 

Toronto, Canada and the Queen's University Health Sciences and Affiliated Teaching Hospitals 

Research Ethics Board (HSREB), Kingston, Canada.  Data from ICES is anonymized.  ICES 
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privacy training was completed prior to data analysis and privacy laws were adhered to for the 

duration of the project.  Five of Ontario’s health administrative databases were linked for this 

study: Canadian Institute of Health Information Discharge Abstract Database (CIHI DAD), 

Cardiac Care Network (CCN), National Ambulatory Care Reporting System (NACRS), Ontario’s 

Health Insurance Plan (OHIP), and the Registered Persons Database (RPDB).  Copies of these 

databases are housed at ICES-Toronto and can be accessed at Queen’s University via an ICES 

satellite unit.   Patient files are linked across databases using unique ICES Key Numbers (IKNs) 

(encrypted versions of patient health card numbers).  Coding for this project can be reviewed in 

Appendix B. 

    

4.3.1 Cohort 

 

Patients who were admitted to hospital and had CABG surgery between October 1, 2001 and 

September 30, 2011 were identified using the CIHI database (n=70,681). These patients were 

then linked by ICES key number (IKN) with the other databases used in the study (CCN, RPDB, 

OHIP, NACRS).  Patients were subsequently excluded from the initial cohort if they: 1) were not 

in the RPDB database (n=4); 2) had died before their CABG (n=20); 3) were not in the CCN 

database (n=3,965); 4) had a history of prior CABG in the CCN or CIHI database (n=3,267); 5) 

underwent an emergency CABG according to the CCN database (n=2,396); and 6) underwent 

additional cardiac procedures according to the CIHI and OHIP databases (n=1,545)).  A post hoc 

decision was made to also exclude from analysis those patients who were missing one or more 

study variables in the CCN database because these variables were thought to be important 

confounders, resulting in a final cohort size of 52,202 (see Figure 5).    
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Figure 5: Cohort flow diagram 
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4.3.1 Exposure 

 

Billing codes for pulmonary artery catheterization and transesophageal echocardiography were 

identified using the OHIP database. It was presumed from clinical experience that a PAC would 

not normally be inserted preoperatively, taken out for surgery and replaced after surgery.  

Therefore, a patient was considered exposed to PAC on the day of surgery if there was: 1) a PAC 

insertion code billed on the day of surgery +/- a PAC cardiac output code billed on the day of 

surgery; 2) a PAC insertion code billed the day before surgery plus a cardiac output code billed 

on the day of surgery or on postoperative day one; 3) a PAC cardiac output code billed the day 

before surgery and the day after surgery; 4) a PAC cardiac output code billed the day before 

surgery and on the day of surgery; or 5) there was a PAC cardiac output code billed on the day of 

surgery. Exposure to TEE was defined as the presence of: 1) OHIP TEE-specific (G580, G581) or 

professional component echocardiographic codes (G578, G571, G575) billed on the day of 

surgery.  Exposure to CVP was assumed based on the absence of TEE or PAC coding.  It is 

important to note that ‘PAC alone’, ‘TEE alone’ and ‘PAC/TEE’ presumes that CVP monitoring 

is also taking place.  In the case of TEE alone, the insertion of a central line was assumed.  In the 

case of PAC alone, the ability to monitor CVP is a property of the catheter.  

 

4.3.2 Outcome 

 

Death was defined as occurring when a patient’s death was coded in the Registered Persons 

Database within 30 days of surgery.  The CIHI database was used to identify in-hospital death 

within 30 days.  To examine possible esophageal or pulmonary artery injury related to 
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monitoring, the presence of OHIP and CIHI exploratory or surgical repair codes for esophageal or 

pulmonary artery injury after CABG were scrutinized.     

4.3.3 Covariates 

 

Potential confounders of the relationship between monitoring and mortality fall into four main 

categories:  patient characteristics, comorbid diseases, severity of underlying cardiac disease and 

urgency of procedure.  The older patients are, the more comorbidities they have, the greater their 

heart dysfunction and the more urgent their operation, the higher chance they have of dying after 

surgery.   

Recommended indications for PAC and TEE use are broad [3], but do specifically include 

increasing severity of preoperative patient illness.  This means that sicker patients are also more 

likely to be exposed to more monitoring (such as PAC and TEE), making confounding by 

indication a major concern when examining the relationship between an intervention such as 

monitoring and postoperative mortality.   

For this thesis, similar covariate adjustment was used as in previous studies. [18, 39, 42, 43]   

Patient characteristics measured included age, sex, and body mass index. Comorbidities included 

congestive heart failure, chronic obstructive pulmonary disease, cerebrovascular disease, renal 

disease (creatinine level), depression, diabetes mellitus, hypertension, hyperlipidemia, myocardial 

infarction, and peripheral vascular disease. Measures of cardiac function included cardiac arterial 

anatomy (diseased vessels) and left ventricular function.  Surgical predictors included off-pump 

surgery.  Measures of urgency included the Urgency Rating Score in the CCN database and an 

OHIP emergency indicator.  Return to operating room was included as a postoperative variable.   

Year was also included. 
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Age on day of surgery was calculated using the patient’s birthdate. The CCN, OHIP, CIHI and 

NACRS databases were all used to establish preoperative comorbidity exposure.  The 

comorbidity was defined as present if so defined in the CCN database prior to surgery, if there 

were two or more diagnostic codes in one year in the OHIP database prior to surgery, if there was 

an ICD-9 or ICD-10 code with that comorbidity during a hospital admission prior to surgery, or 

an emergency visit with the corresponding comorbidity code prior to surgery.  Age, body mass 

index and creatinine were categorized to enable comparison to prior CCN report cards.  Off-pump 

bypass surgery was defined using both OHIP billing codes (only available starting in 2008) and 

lack of on-pump coding using CIHI coding (available from 2001-2011). 

4.3.4 Statistical Analysis 

 

The analysis for this paper was generated using [SAS/STAT] software, Version 9.2 of the SAS 

System for UNIX, SAS Institute Inc., Cary, NC, USA.  Given the potential for clustering by 

hospital, an initial unconditional model was run using PROC GLIMMIX to calculate the 

intraclass correlation coefficient (ICC) for institution.  The ICC was 0.0106, indicating that 

approximately 1% of the variability of death was explained by institution and the remaining 99% 

by other variables.  Since this number was small, multi-level modeling or use of generalized 

estimating equations was considered to be unnecessary.   

Logistic regression was used to model the association between monitor and mortality while 

controlling for potential confounding variables.  Both initial models and models for subgroup 

analysis were built using manual backwards selection guided by Greenland.[45] In short, all 

potential variables were added to the model initially.  Non-significant variables were removed, 

and then confounding of the primary relationship under study (monitoring and mortality) was 
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assessed by one-by-one removal of the variables left in the model.  If the odds ratios of the 

monitor point estimates did not change more than 10% when a potential confounder was removed 

and the confidence interval of the primary relationship did not change significantly, then that 

variable was left out of the model.  This method ensures only those covariates that are 

significantly confounding the primary relationship under study are left in the model, while 

confidence interval examination ensures that including the variable in the model does not 

adversely affect the power of the study.  After initial model building, clinically plausible 

interaction terms were added to the model one at a time to assess for statistical significance 

(p<0.05). These included monitor interactions with: Urgency Rating Scale, off-pump procedure, 

intra-aortic balloon pump, OHIP emergency indicator, sex, body mass index, age and institution.  

Subsequently, subgroup analysis was carried out based on off-pump status, return to operating 

room and institution.  Goodness of fit was assessed using Hosmer-Lemeshow goodness of fit 

statistic and the c statistic.  The assumptions of logistic regression were satisfied.  Namely, the 

outcome was binary, the observations were independent, and the sample size was large (at least 

ten outcomes per independent variable).  Year was added separately as both a categorical and 

continuous variable during the model building process. As it had a non-significant effect on the 

relationship between monitor and death, it is not present in the final model.   

 

4.4 Results 

 

Over the ten years, 638 patients died within 30 days of CABG (1.22%); 49% died within 7 days 

of their operation (see Figure 6).  There were 536 (84%) in-hospital deaths and 102 (16%) out-of-

hospital deaths. In the group of patients that died, 4.6% were exposed to CVP, 56.1% to PAC, 
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1.4% to TEE and 37.9% to PAC/ TEE.  The percentage of patients per year that died ranged from 

a low of 1.03% in 2002 to a high of 1.48% in 2004. 

Figure 6:  Death by postoperative day 

 
 

The initial regression model revealed no significant difference between PAC, TEE or PAC/TEE 

monitoring compared to CVP monitoring alone (see Table 3).  Most patient comorbidities in the 

model were associated with mortality, as were indicators of increasing surgical urgency.  Being of 

normal weight or overweight was protective compared to underweight.  Off-pump procedures 

were protective compared to on-pump procedures.  After controlling for patient covariates and 

emergency status, four institutions were associated with decreased mortality compared to the 

reference institution (which had the largest number of patients).   
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Table 3: Logistic regression model examining association between monitor exposure on day 

of surgery and 30-day mortality in CABG 

Variable Unadjusted OR* 

(95% CI) 

Adjusted OR+# 

(95% CI) 

CVP Reference Reference 

PAC 0.68 (0.46, 0.99) 0.72 (0.35, 1.50) 

TEE 0.43 (0.20, 0.92) 0.49 (0.23, 1.07) 

PAC/TEE 1.17 (0.79, 1.72) 1.07 (0.52, 2.21) 

Age 65-75 2.26 (1.84, 2.79) 1.81 (1.45, 2.25) 

Age ≥75 4.63 (3.76, 5.69) 3.20 (2.56, 4.00) 

Female 1.82 (1.54, 2.15) 1.43 (1.20, 1.71) 

Body mass index 20-24.9 0.47 (0.31, 0.72) 0.62 (0.39, 0.96) 

Body mass index 25-29.9 0.35 (0.23, 0.53) 0.54 (0.35, 0.83) 

Body mass index ≥30 0.42 (0.27, 0.63) 0.69 (0.44, 1.06) 

Congestive heart failure 4.57 (3.90, 5.34) 2.14 (1.77, 2.58) 

COPD 1.94 (1.62, 2.32) 1.24 (1.02, 1.50) 

Cerebrovascular disease 2.23 (1.84, 2.71) 1.39 (1.12, 1.72) 

Creatinine 120-180 2.56 (2.10, 3.14) 1.49 (1.20, 1.85) 

Creatinine ≥180 5.50 (4.28, 7.06) 3.08 (2.33, 4.06) 

Left ventricular function 

grade 2 

1.28 (1.06, 1.55) 1.03 (0.84, 1.26) 

Left ventricular function 

grade 3 

2.41 (1.97, 2.96) 1.24 (0.97, 1.57) 

Left ventricular function 

grade 4 

4.75 (3.50, 6.44) 1.54 (1.07, 2.22) 

Peripheral vascular 

disease 

2.32 (1.94, 2.78) 1.52 (1.24, 1.86) 

Semi-Urgent (URS 4-4.9) 1.67 (1.36, 2.06) 1.21 (0.97, 1.50) 

Urgent (URS 2.5-3.9) 2.48 (2.01, 3.07) 1.15 (0.90, 1.47) 

Emergent (URS<2.5) 8.11 (6.12, 10.75) 2.22 (1.58, 3.12) 
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OHIP emergency status 2.81 (2.26, 3.50) 1.33 (1.03, 1.71) 

Intraaortic balloon pump 12.45 (10.12, 

15.32) 

6.00 (4.71, 7.66) 

Off-pump procedure 0.77 (0.62, 0.95) 0.66 (0.49, 0.89) 

Return to operating room 7.14 (5.77, 8.84) 6.10 (4.79, 7.77) 

Institution 0 1.14 (0.77, 1.69) 1.27 (0.60, 2.66) 

Institution 1 0.84 (0.60, 1.18) 0.70 (0.49, 0.99) 

Institution 2 0.72 (0.52, 0.99) 0.60 (0.43, 0.84) 

Institution 3 1.21 (0.81, 1.82) 1.34 (0.88, 2.05) 

Institution 4 0.52 (0.31, 0.87) 0.50 (0.30, 0.85) 

Institution 5 1.39 (1.04, 1.87) 1.23 (0.90, 1.68) 

Institution 6 1.16 (0.88, 1.53) 0.98 (0.73, 1.32) 

Institution 7 0.87 (0.61, 1.25) 0.66 (0.45, 0.96) 

Institution 8 1.12 (0.79, 1.57) 0.93 (0.64, 1.36) 

Institution 10 0.86 (0.63, 1.18) 1.17 (0.78, 1.75) 

 
*Unadjusted; only variable in model 
+Adjusted for all covariates in the table 

 

After this initial model, interaction terms were added individually to the baseline regression 

model.  These included PAC, TEE and PAC/TEE interactions with age group, sex, Urgency 

Rating Score, intra-aortic balloon pump, institution, off-pump procedure, OHIP emergency 

indicator, and return to operating room status.  The relationships between monitoring and 

mortality did not change at different levels of age, sex, Urgency Rating Score, and OHIP 

emergency status.  However, they were different (i.e. interaction terms were significant, p<0.05) 

for all monitors and off-pump procedure status, and PAC use and institution.  Subsequently, 

subgroup analysis was undertaken to examine these different relationships (see Appendix D)..   
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In the case of off-pump procedures, separate on- and off-pump models were run.  As with the 

initial, non-stratified model, both on- and off-pump models resulted in similarly non-significant 

mortality associations between mortality and PAC, TEE and PAC/TEE compared to CVP. In 

institutional subgroup analysis, institution 0 had a statistically significant increased risk of death 

in patients exposed to PAC compared to CVP (OR 6.02, 95% CI [1.52, 23.84]).  This institution 

used either CVP alone (66.5%) or TEE  (29.6%) for the majority of patients. 

In addition to testing interactions, additional models were run using different data sets to assess if 

different comorbidity definitions had a significant effect on the primary relationship.  For 

example, the model was run using only CCN and NACRS data to define comorbidities (i.e. no 

OHIP codes were used), only OHIP and NACRS data (i.e. no CCN data) and after removing 

emergency indicators (thought to be significant confounders) from the regression.  All resulted in 

minimal change in monitor odds ratios (see Table 4).   

Table 4: Logistic regression models examining the association between monitor exposure on 

the day of surgery and 30-day mortality in CABG with omission of dataset variables 

 

Variable Unadjusted OR 

(95% CI) 

Full model  

Adjusted OR 

(95% CI) 

 

No OHIP* 

Adjusted OR 

(95% CI) 

 

No CCN^ 

Adjusted OR 

(95% CI) 

 

No emergency 

indicators# 

Adjusted OR 

(95% CI) 

 

CVP  Reference Reference Reference Reference Reference 

PAC  0.68 (0.46, 0.99) 0.72 (0.35, 1.50) 0.72 (0.35, 1.49) 0.80 (0.38, 1.69) 0.71 (0.34, 1.45) 

TEE  0.43 (0.20, 0.92) 0.49 (0.23, 1.07) 0.49 (0.22, 1.06) 0.50 (0.23, 1.09) 0.49 (0.23, 1.07) 

PAC/TEE  1.17 (0.79, 1.72) 1.07 (0.52, 2.21) 1.07 (0.51, 2.22) 1.23 (0.58, 2.59)  1.10 (0.54, 2.25) 

 

*intra-aortic balloon pump, OHIP emergency indicator, and return to operating room in model 

but OHIP codes defining comorbidities left out (e.g. congestive heart failure)  
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^No CCN data used; a variable indicating chronic renal disease gleaned from NACRS, OHIP and 

CIHI codes used to replace creatinine 

# No intra-aortic balloon pump, urgency rating score, or OHIP emergency indicator 

 

Given the small CVP reference group (3.70% of the cohort) and the fact that the majority of 

exposure to CVP occurred in one institution, further regression analysis was undertaken in the 

patients who had either PAC monitoring alone, or PAC monitoring in addition to TEE monitoring 

(n=48,901, deaths=600).  It was thought that these results might be of interest to institutions and 

practitioners who do not use CVP alone (which appears to be the majority).  The results of this 

subgroup analysis are in Appendix D.  Patients exposed to PAC/TEE (n=13,821, 28.26%) were at 

increased risk of mortality compared to those exposed to PAC alone (n=35080, 71.74%) with an 

odds ratio of 1.48 (95% CI [1.22, 1.80]).  The odds ratio for mortality in the off-pump PAC/TEE 

exposed group compared to the PAC exposed group (OR 2.40, 95% CI [1.40, 4.12]) was higher 

than that in the on-pump group (OR 1.39, 95% [CI 1.13, 1.71]).  Individual institution regressions 

showed that this result was driven by three institutions that employed PAC more frequently than 

PAC/TEE.  

 

4.5 Discussion 

 

The primary objective of this retrospective cohort study was to compare short-term mortality in 

those patients monitored with CVP monitoring to those patients receiving CVP monitoring plus 

PAC, TEE, or PAC and TEE combined.   In the full cohort and all subgroup analyses (apart from 

one institution) the 30-day mortality in CABG patients exposed to additional monitoring was not 
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statistically different than that of CVP.   PAC use was found to be associated with mortality at the 

one institution in the cohort where PAC use was rare.  

In that subgroup of patients who underwent PAC or PAC/TEE monitoring, PAC/TEE monitoring 

was associated with a higher risk of 30-day mortality compared to PAC alone.  The odds ratio for 

this association was higher in those patients undergoing off-pump CABG than on-pump CABG. 

 

4.5.1 Differences from Other Studies 

 

Apart from a single institution in this analysis finding increased mortality with PAC exposure, 

this study’s findings are in contrast with prior multi-institution observational studies [17] [18] 

[19] that have all found that PAC exposure was associated with increased mortality compared to 

CVP.  This study’s findings are concordant with Xu et al. [20], who found no difference between 

CVP and PAC in their one-institution study.   

Comparing this study’s results to those of other observational studies is difficult, given the 

variability in covariate measurement, heterogeneity of surgical populations, and different 

approaches to and extent of controlling for confounding.  It may be party because of these 

differences that our results differ.  The first major issue that differentiates studies is the ability to 

specify monitor exposure time. Two studies [18, 20] were fortunately able to specify PAC 

insertion time (pre-bypass), whereas the others [17, 19] could only indicate if the patient was 

exposed to the monitor at any time during admission.  Not being able to specify timing of 

monitoring exposure could potentially lead to confounding.  Although clinical experience would 

suggest that most monitoring is decided on by clinicians preoperatively (either based on personal 

or institutional practice while taking patient comorbidities into consideration), some monitoring 



 

 

 

59 

will occur postoperatively in the context of a patient that is struggling hemodynamically.  In this 

situation, the likelihood of postoperative monitor exposure being associated with an urgent or 

complicated clinical situation is higher, as is the patient’s risk of death, and, therefore, statistically 

significant increases in risk could be just mirroring this urgent scenario. 

In this study we could only specify day of surgery exposure to monitoring and could not specify 

elective (usually intraoperative) exposure vs. urgent (usually postoperative) exposure.  The 

definition of exposure to PAC in this study encompassed a number of coding combinations, with 

the overriding assumption that PAC codes straddling the operative day would be indicative of 

operating room day exposure. It is possible that by using this definition, PAC exposure may have 

been overcalled, which would dilute any mortality effect.  For example, if the PAC was truly 

associated with mortality and CVP patients were falsely added to the PAC group based on coding 

assumptions, the PAC would look less harmful.  For TEE it was only possible to specify if 

exposure occurred on the day of surgery based on coding from that day.  It is acknowledged that 

there are patients who received postoperative PAC or TEE monitoring in potentially urgent 

circumstances.  These clinical scenarios, although not the norm, would falsely increase the point 

estimates associated with those monitors in this study (making PAC or TEE use appear more 

harmful than CVP).  We can only surmise based on clinical and institutional experience that the 

majority of TEE exposure occurred as routine exams intraoperatively and that PACs were placed 

electively (pre- or intraoperatively).  

The second way that this study is different from others is that it was limited to primary CABG 

and specifically excluded reoperations and other procedures that may be associated with 

increased mortality (e.g. combined CABG/valve procedures).  Apart from Xu [20], this was not 

the case for other studies.  Schwann[18] had mostly CABG but did have a small number of 
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reoperations and other cardiac procedures (which were balanced in propensity score groups).  

Ramsey[17] appears to have adjusted for valve procedures.  Chiang[19] included valves and 

reoperations but it was unclear what exactly what was adjusted for in the regression.  The lower 

mortality rate in our study compared to others may reflect this cohort’s focused procedural 

exposure.  Our mortality rate (1.22%) is more consistent with Xu.[20]  In addition, the effect of 

PAC on mortality may or may not be different across different cardiac procedures, but only 

CABG was represented in this study.     

The third issue that has been handled differently by this and other studies is how urgent 

procedures were taken into account in the analysis.  In this study, special attention was paid to 

identifying urgent procedures, where the potential for selection bias was presumed to be high.  

Multiple potential emergency indicators (intra-aortic balloon pump, urgency rating score status, 

OHIP emergency indicator) were therefore used in the regression, in addition to using a CCN 

definition for initial patient exclusion for emergency.  Ramsey[17] specifically excluded 

emergent cases but controlled for ‘urgent admission status’ (which was protective) in the analysis.  

Schwann[18] had equal numbers of patients undergoing emergency surgery and having 

preoperative intra-aortic balloon pump (IABP) in their propensity score analysis.  Xu [20] did not 

mention emergencies but did identify patients with IABP.  Chiang[19] identified ~50% of 

surgeries as elective, but how this was taken into account in the mortality analysis was unclear.  

Despite being convinced that emergencies were key variables to control for, it should be noted 

that even when emergency indicators were removed from the model, the monitoring point 

estimates did not dramatically change.  

Fourth, it is possible that the reason why there was not an association of mortality with PAC 

compared to CVP in this study is that practitioners did react to past publications of increased 
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mortality by in some may improving the way they use the monitor.  This could be why our results 

agree with the most recent data published on the topic Xu [20], in contrast to those studies that 

have come before.   

 

4.5.2 Subgroup Analysis 

 

Although there were some significant relationships found in subgroup analysis that merit 

discussion, it is with caution that these should be interpreted. These analyses were not planned 

before the study was undertaken and the outcome numbers in some of the subgroups (particularly 

institutions) were in some cases small.  Attempts were made to decrease the number of covariates 

in these models to decrease the possibility of model overspecification.  Despite these attempts, 

many of the substrata analyses likely have too many covariates.  With this acknowledgement, the 

results will be discussed below.   

The subgroup analysis was notable for an increased risk of PAC use compared to CVP in the 

institution that used PAC rarely.  In addition, in three of the four largest institutions PAC/TEE use 

was associated with increased mortality compared to PAC alone.  All three of these institutions 

had higher PAC than PAC/TEE use.  Two had PAC usage rates close to 80% and PAC/TEE rates 

close to 20% and one had PAC usage rates of 95% compared to PAC/TEE rates of approximately 

5%, suggesting that they were more familiar with PAC use.  In comparison, there was no 

difference in mortality between the two monitors in the institution with the highest PAC/TEE 

combination rate (56.7% vs. PAC alone 42.9%).   

That more experience with a procedure is protective has been shown in the surgical literature.[47, 

48] Ramsey et al.[17] showed that in hospitals with the lowest third of PAC use the odds ratio for 
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mortality was higher than those who used the monitor more: 3.4 (95% CI [1.74, 6.47]) vs. 2.1 

(95% CI [1.4, 3.1]).  Additionally, the study period (2001-2011) saw an increase in TEE use 

across most centres, likely indicating that institutions were gradually adopting this new 

technology.  Although pre-dating this study’s time period, the North American survey[22] 

examining PAC and TEE by cardiac anesthesiologists  found that only 11% of respondents had 

formal training in TEE.  It is perhaps intuitive that new operator inexperience may have led to 

over or underdiagnosis while using TEE and relative ‘under-reliance’ on PAC data, which may 

have changed perioperative interventions.  Also, learning a new technology can be a distraction in 

the operating room and can move the focus from the patient to the TEE machine, which could 

have also contributed to either not noticing relevant PAC data or increased response times to 

hemodynamic aberrations.  This may be particularly an issue with off-pump procedures where the 

anesthesia provider can be quite busy striving for hemodynamic stability.   This hypothesis 

assumes that the anesthesiologist is undertaking both the anesthetic and the performing the TEE.  

In some hospitals, this is not the case (an alternate practitioner is performing the TEE whilst the 

Anesthesiologist is focusing on the delivery of anesthesia).  We were unable to measure this in 

this study.  It is important to note that these relationships (i.e. protective effect of most commonly 

used monitor) did not hold true for all institutions, even those with similar PAC and PAC/TEE 

percentage of monitor use as the above institutions with significant relationships.  

 

4.5.3 Strengths and Limitations 

 

The overall strengths and weaknesses of this study are those that are common to any 

observational administrative data project.  The benefit of access to large populations (essential for 
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studying rare outcomes) and preexisting data are offset by challenges related to using data that 

was not collected for the study’s specific purpose.  For example, defining monitor exposure was 

undertaken without having pre-existing validated code data.  This, and the inability to know the 

exact timing of the monitoring interventions, could have led to monitor misclassification.  

However, since monitoring frequencies seemed compatible with clinical experience, we 

considered this exposure definition to be acceptable.  

As with any observational study there is the potential for residual confounding.  Despite having a 

comprehensive list of comorbidities, nothing can replace the gestalt clinical assessment of a 

patient, and that is not captured in this analysis.  For example, if a patient looked ‘sicker’ in 

person than ‘on paper’, they may have been more likely to be exposed to additional monitoring 

and have been more likely to die postoperatively.  However, we would have expected that a 

situation like this would have lead us to conclude that PAC and TEE were more harmful than 

CVP, which they were not found to be.  In addition, although confounder adjustment brought 

point estimates closer to the null and increased their confidence intervals appropriately, the point 

estimates of the fully adjusted model were not drastically different from the unadjusted model.  

Indeed, the point estimates were not drastically different when different datasets were used to 

define comorbidities or even when emergency indicators were removed from the model.  This 

suggests that the reported relationship between monitoring and death is robust and not 

exceedingly vulnerable to unmeasured confounders.  It may be that institutional practice drove 

this stability of point estimates, as in some circumstances it appeared that it was institution, as 

opposed to patient comorbidities that resulted in monitor choice.  

Although thankfully mortality after a major surgery like CABG is low, this does make it harder to 

study mortality relationships.  Even with a large sample size the number of deaths was low.  
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Subsequent subgroup analysis thus necessitated comparisons between smaller groups with lower 

outcome rates.  Because of this, and because of the fact that the subgroup analysis was not 

planned before the study was undertaken, the results of the subgroup analysis should be taken as 

interesting, but not comprehensively tested, results.  

Finally, a comment should be made about the CVP reference group.  Because it was small, the 

confidence intervals around the related point estimates are wider than they would be otherwise.  

In addition, although most institutions contributed patients to this group, one institution made up 

the majority (80%).  It could be conceived that by undertaking a regression in this context that 

this might result in the institutional practice of ten institutions being compared to one reference 

institution.  Institution was added to the regression model as a variable in attempts to take this 

institutional practice into consideration, and additional analysis was undertaken in the group of 

patients undergoing PAC and PAC/TEE for this reason.   

We may be criticized for using mortality as an outcome measure given the fact that morbidity 

(e.g. postoperative stroke, myocardial infarction), given its higher frequency, may be more 

relevant to the day-to-day management of these patients.   However, since the PAC-mortality 

relationship in Ontario has not been described, and the TEE-related mortality has not been 

described well in the literature, we chose this outcome measure.  

In conclusion, there is no evidence from this analysis that any monitoring combination was better 

or worse than basic CVP monitoring.  There was, however, evidence that adding TEE to PAC 

monitoring was associated with mortality. Whether the addition of TEE to PAC confers actual 

real risk to the patient, or if this is a result of misclassification bias or of historical significance 

and related to the adoption and learning period associated with a new technology remains to be 

elucidated.  If such a relationship was driven by the newness of the monitor and the learning 
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period that accompanied it, this challenges institutions and clinicians to examine the uptake of 

further technology.  Should simulation play a bigger role in such circumstances?  Should detailed 

planning take place in institutions and departments before such technology is introduced?  

Clearly, these questions cannot be answered with this data, but will hopefully contribute ideas to 

further research in this complex area.  
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Chapter 5 

Discussion 

 

5.1 Synopsis 

 

This project was undertaken to examine the current state of monitoring in CABG in Ontario and, 

specifically, how it may relate to short-term patient mortality.  Since CABG is a common higher-

risk operation (6000-7000 cases per year) in the province, modifiable interventions such as 

monitor exposure that may have an effect on an outcome like mortality should be of interest to 

hospitals, clinicians, and patients.   

To summarize, we found that over the study period:  1) the PAC was a widely used monitor in 

Ontario; 2) institution was a strong predictor of monitor selection for any given patient; 3) the 

adoption of TEE use in the institutions studied did not lead to a decrease in PAC use in most 

cases (i.e. TEE was being used as a complementary monitor); 4) there was no harm or benefit 

associated with PAC, TEE or PAC/TEE combined compared to CVP in regard to mortality 

overall; 5) PAC/TEE was associated with increased mortality compared to PAC alone; and 6) in 

some institutions, the monitor used less often was the monitor that had an adverse effect on 

mortality compared to the monitor used more often. 
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5.2 Importance of Results 

 

These findings are important because they support the results of survey studies, provide new 

information about the effect of TEE on postoperative mortality, and provide a foundation for 

further study.   

The descriptive results of this study are interesting because they illustrate the unsuccessful 

translation of observational research results (i.e. no benefit or harm associated with PAC) to 

clinicians.  The high rate of PAC use (93.7%) in this study is concordant with the results of North 

American surveys from 1998 [21] [22] and 2015 [23] that found that clinicians did not decrease 

their rates of PAC use in response to observational research findings of no benefit or increased 

mortality with the monitor in CABG [18-20]. It is unknown why clinicians have not changed their 

practice in regard to PACs.  It may be partly related to institutional culture as a whole, which 

makes it difficult for individual practitioners to make changes.  For example, some institutional 

protocols depend on the existence of a monitor such as PAC, particularly for postoperative 

interventions. In addition, some institutions may be compensated differently than others, leading 

to decreased or increased use of a technology such as a monitor.  This was demonstrated in a 

2012 survey [23] where PAC use varied depending on type of practice (79.2% in ‘private 

practice’, 64.5% in ‘academic practice’ and 34% in ‘government practice’).  With these points in 

mind, it would make sense that institution would be a strong predictor of monitor choice, as was 

shown in our analysis.  Another reason that practitioners have not abandoned the routine use of 

PAC may be because they are not completely convinced of the evidence, as there has never been 

a randomized controlled trial.  Alternately, the overall low mortality rates in CABG may support 

a general feeling of reluctance to change established and successful practice patterns.  
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TEE seemed to be used as an additional, as opposed to a replacement, monitor in this study, and 

this also agrees with survey studies [21] [22] [23].  Additionally, the study period (2001-2011) 

saw an increase in TEE use across most centres, likely indicating that institutions were gradually 

adopting this new technology.  This makes intuitive sense for a number of reasons 

(complementary data, adoption of a new technology whilst still relying on an established one, 

inability to perform TEE continuously).  This addition of TEE to PAC, however, was associated 

with increased mortality compared to PAC alone. This could be related to the fact that many 

anesthesia practitioners have to learn new technologies such as TEE as they are practicing.   It is 

perhaps intuitive that operator inexperience may have led to over- or under-diagnosis while using 

TEE and relative ‘under-reliance’ on other hemodynamic data, which may have changed 

perioperative interventions.  Also, learning a new technology can be a distraction in the operating 

room and can move the focus away from the patient, which could have also contributed to either 

not noticing relevant vital sign data or increased response times to hemodynamic aberrations.  It 

is important to note that most studies examining the effect of TEE have focused on surgical 

changes occurring as a result of the use of TEE.   We could not measure surgical changes in this 

study and, furthermore, presumed that we excluded many patients that would have had a change 

in their procedure as a result of a TEE exam when we excluded valve and other cardiac 

procedures.   

The results of the overall regression analysis support the literature’s findings of ‘no benefit’ of 

PAC over CVP in CABG.  It could be that prior reports of harm with PACs were taken into 

account by clinicians and they learned to use the monitor more effectively, instead of abandoning 

it altogether. This may be one reason why in all but one institution in this study (which used PAC 
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rarely) there was no harm associated with PAC compared to CVP, which contradicts earlier 

studies.     

This data partly agrees with evidence in the literature suggesting that experience with monitor use 

seems to be associated with mortality.  Ramsey et al.[17] showed that in hospitals with the lowest 

third of PAC use the odds ratio for mortality was higher than those who used the monitor more: 

3.4 (95% CI [1.74, 6.47]) vs. 2.1 (95% CI [1.4, 3.1]).  This suggestion of increased mortality with 

a lesser-used monitor was also seen in three institutions where PAC/TEE use was associated with 

increased mortality compared to PAC alone.  All three of these institutions had higher PAC than 

PAC/TEE use.  Two had PAC usage rates close to 80% and PAC/TEE rates close to 20% and one 

had PAC usage rates of 95% compared to PAC/TEE rates of approximately 5%, suggesting that 

they were most familiar with PAC use.  In comparison, there was no difference in mortality 

between the two monitors in the institution with the highest PAC/TEE combination rate (56.7% 

vs. PAC alone 42.9%).  It is important to note that these relationships did not hold true for all 

institutions, even those with similar PAC and PAC/TEE percentage of monitor use as the above 

institutions with significant relationships.  

 

5.3 Internal Validity 

 

The major issue identified in the planning stages of this thesis was that selection bias 

(confounding by indication) could alter the results of the relationships under study.  That is, it was 

inferred from monitor usage guidelines and clinical experience that sicker patients would be more 

likely to be exposed to more monitoring, and be more likely to die, making the monitors falsely 
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appear to be associated with mortality.  This was confirmed in the descriptive stage of the study, 

where logistic regressions showed that certain patient comorbidities predicted monitor exposure.   

Strategies employed to reduce bias while investigating the relationship between monitor and 

mortality included restriction and regression. The cohort was restricted to those cardiac patients 

undergoing non-emergent primary CABG (i.e. no valve procedures).  Given the fact that the CCN 

database had definitions that evolved over study time period, non-CCN emergency indicators 

were also added to the regression, to ensure emergency patients were not missed. The cohort was 

also restricted to those patients who had no missing CCN data because the detailed data in this 

database was thought to be important to control for confounding in the regression.  

For this thesis, similar covariate adjustment was used as in previous studies. [18, 39, 42, 43]  

Logistic regression was used because the outcome was binary, rare (which allows for odds ratio 

to approximate relative risk), follow-up time was short (30 days) and it is used in the majority of 

30-day CABG mortality studies in the literature.  In the regression, patient characteristics 

included age, sex, and body mass index.  Comorbidities included congestive heart failure, chronic 

obstructive pulmonary disease, cerebrovascular disease, renal disease (creatinine level), 

depression, diabetes mellitus, hypertension, hyperlipidemia, myocardial infarction, and peripheral 

vascular disease. Canadian Cardiologist’ Society angina severity score captured severity of 

patient symptoms.  Measures of cardiac function included cardiac arterial anatomy (diseased 

vessels) and left ventricular function.  Surgical predictors included off-pump surgery.  Measures 

of urgency included the CCN-calculated Urgency Rating Score[44], an OHIP emergency 

indicator, and presence of preoperative intra-aortic balloon pump (a marker of cardiogenic 

shock).  Postoperative variables included return to operating room.   
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Certain variables were not included in the regression analysis.  Race and socioeconomic status 

were not included.  Race is associated with poorer outcomes after CABG in some studies [39] but 

not others [17].  It was unavailable in the database, and given universal healthcare in Canada, it 

was assumed to be unlikely that race played an independent role in the choice of a monitoring 

technique beyond that indicated by the patient’s medical profile.  Income quintiles were added to 

the initial regression, but were found to be insignificant, so were excluded.  Uncommon disease 

states (e.g. pulmonary hypertension) were also not included.  This variable has not been used in 

prior CCN reports, and would be more prevalent amongst patients requiring valve replacement 

than CABG.  Exposure to blood transfusion was not included as a potential confounder, because 

the CIHI transfusion indicator during most of the study period was non-specific (included any of 

blood, plasma, platelets, and albumin).  The lack of these potential confounders is acknowledged, 

but it is unlikely they would have had a significant effect on the point estimates because the point 

estimates were not sensitive to omission of most variables.  In fact, omission of all variables 

except for monitor from the regression revealed similar point estimates to the fully adjusted 

model.  

Because of concerns of using only one (CCN) database to define patient comorbidities, multiple 

databases (OHIP, NACRS, CIHI) were used.  The final model was tested by removing different 

database comorbidity definitions, and the point estimates were found to be stable.   

Although the outcome, mortality, was unlikely to be misclassified given the dependability of vital 

statistics data, the issue of potential exposure misclassification merits further discussion.  In this 

study we could only specify day of surgery exposure to monitoring and could not specify elective 

(usually intraoperative) exposure vs. urgent (usually postoperative) exposure.  The definition of 

exposure to PAC in this study encompassed a number of coding combinations, with the 
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overriding assumption that PAC codes straddling the operative day would be indicative of 

operating room day exposure. It is possible that by using this definition, PAC exposure may have 

been overcalled, which would dilute any mortality effect.  For example, if the PAC was truly 

associated with mortality compared to CVP and CVP patients were falsely added to the PAC 

group based on coding assumptions, the PAC would look less harmful.  For TEE it was only 

possible to specify if exposure occurred on the day of surgery based on coding from that day.  It 

is acknowledged that there are patients who received postoperative PAC or TEE monitoring in 

potentially urgent circumstances.  These clinical scenarios, although not the norm, would falsely 

increase the point estimates associated with those monitors in this study (making PAC or TEE use 

appear more harmful).  We can only surmise based on clinical and institutional experience that 

the majority of monitor exposure occurred as routine exams intraoperatively.  In addition, how 

the monitors were used and what interventions occurred as a result of their use could not be 

measured in this study.  For example, the interventions (e.g. blood, fluid, vasoactive drugs) 

occurring as a response to monitoring data were more than likely heterogeneous, and sometimes 

divergent.  Clinicians often come to different conclusions based on the same information and 

have different preferred interventions based on the same data.  

Since the sample size of this study was dictated by the number of patients undergoing CABG in 

the study time period, study power was not calculated.  In fact, because the majority of the CABG 

population was included in this study (apart from those with CCN-defined emergency status and 

those missing CCN data) it could be argued that the power is close to 100%.   That being said, the 

subgroup analysis should be interpreted with caution, as outcome events in some strata were low.  

What that meant for this study’s subgroup analysis was that confidence intervals around point 

estimates were wide, indicating a decrease in power for that point estimate result.   
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5.4 Generalizability 

 
The multi-institutional nature and large size of this study contributes to its generalizability.  The 

eleven institutions in this study represented of a wide variety of monitor usage frequencies.  

However, these results cannot be applied to emergency cases and patients undergoing other 

cardiac surgical procedures (e.g. valve procedures) given the exclusion of these patients from the 

cohort.  Although the primary goal of this study was to investigate the effects of additional 

monitoring compared to CVP monitoring, the reporting of other monitor relationships (e.g. PAC 

vs. PAC/TEE) also enhances the study’s generalizability, as it is clear from this and survey data 

that many clinicians and institutions do not use CVP alone to monitor their patients.  

5.5 Recommendations 

 

In regard to the primary relationship under study in this thesis, it would appear that in this large 

cohort of patients there is no difference in mortality between patients exposed to advanced 

monitoring compared to CVP monitoring.  Subgroup analysis suggests that the safest monitor to 

use may be the monitor that is used most frequently by individual institutions. Whether the 

increased mortality risk with PAC/TEE compared to PAC alone reflects institutional inexperience 

with monitor use, inappropriate clinical interventions based on TEE examinations, or (we believe 

less likely) the result of TEE exposure misclassification, is unknown.  We recommend based on 

this study that clinician use monitors thoughtfully – taking into account their own experience, the 

patient before them, the history of monitor use at the institution and the existing observational 

literature (and its strengths and limitations).  At the end of the day, it may be most important how 

the institution or individual clinician uses the monitor, rather than the monitor itself, that is the 
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most important factor in patient outcome.  It then lies to individual institutions to perform quality 

assurance to test whether their monitor use is in their patients’ best interest.   
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Appendix B 

Coding 

Cohort Coding 

 

Variable CCN OHIP CIHI CCI CIHI CPP  Notes 

CABG removtyp=‘1’ 

removrsn=‘PS’ 

 

 

1IJ76LAXXA 

1IJ76LAxxG 

1IJ76LAXXN 

1IJ76LAXXQ 

 

481 

(4810…4819) 

CIHI CABG code 

within first two pr 

codes and available 

date 

Prior CABG prevacb=‘Y’ 

prevcabg_date 

prevnum>0 

stern= ‘Y’ 

R742 

R743 

E654 

E645 

1IJ76LAXXA 

1IJ76LAxxG 

1IJ76LAXXN 

1IJ76LAXXQ 

 

481 

(4810…4819) 

 

Off-pump surg_offpump= ‘Y’ 

(2008-2011)  

E645 (2008-2011) 1LZ37LAGB 

(lack of) 

5160 

5161 

(lack of) 

 

Emergency ernoer 

priority=1 

urs (not excluded) 

 

e020 (not 

excluded) 

   

Additional 

procedures 

 R715 R716 R717 

R718 R724 R725 

R726 R727 R728 

R729 R730 R733 

R734 R735 R736 

R737 R738 R772 

R773 R774 R930 

R863 R876 

1HN80 1HR80 

1HU80 1HU90 

1HV90 1HV80 

1HT90 1HT80 

1HS90 1HS80  

1HW 

 

47..  

Death   ealive=’x’ 

dischdisp= ‘07’ 

 RPDB 

dthdate 
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Monitoring Exposure Coding 

 

Variable CCN OHIP CIHI CCI CIHI CPP  Notes 

PAC N/A Z438C 

G360C 

 

 

 

 

 

G304C 

 

N/A 

 

N/A Insertion 

Thermal dilution 

studies  

 

 

 

 

Dye dilution 

densitometry 

 

 

 

TEE 

 

N/A G580C     

 

 

G581C 

 

G578C 

 

 

G571C 

 

 

G575C 

 

N/A 

 

N/A Insertion of 
oesophageal 
transducer  
Professional 
component (TEE)  
Professional 
component 
(Doeppler)  
Professional 
component 
(complete study)  
Professional 

component (limited 

study) 
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Preoperative Covariate Coding 

 

 

Variable CCN OHIP CIHI CCI CIHI CCP  Notes 

Age     age<65 

age 65-75 

age >75 

Body mass index 

(weight/ht^2) 

height 

weight 

   bmi 0=<20 

bmi 1=20-24.9 

bmi 2=25-29.9 

bmi 3=>30 

Canadian Cardiovascular 

Society angina 

classification 

ccs    ccs 1 

ccs 2 

ccs 3 

Cerebrovascular disease  cvd 437 I679 I678 I672 4370 4378 

4379 

Any of 

0=no 

1=yes 

Chronic obstructive 

pulmonary disease  

copd 496 

492 

J440 J441 J448 

J449 J431 J432 

J438 J439 J40 

496 4928 

490 4918 

4919 

Any of 

0=no 

1=yes 

Chronic renal failure dialysis (preop) 585 N18 585  

Congestive heart failure chf 428 I500 I501 I509 4280 4281 

4289 

Any of 

0=no 

1=yes 

Creatinine creatin 

creatinc 

   <120 

120-180 

>180 

Depression  300 F320 F321 F322 

F323 F328 F329 

F330 F331 F332 

F333 F334 F338 

3004 Any of 

0=no 

1=yes 

Diabetes mellitus 

 

diabetes 250 E101 E102 E103 

E104 E105 E106 

E107 E108 E109  

                    

E110 E111 E112 

E113 E114 E115 

E116 E117 E119 

25000 

25010 

25020 

25030 

25040 

25050 

25060 

25070 

Any of 

0=no 

1=yes 

Hypercholesterolemia hyperlip 272 E780 E781 E782 

E784 E785 

2720 Any of 

0=no 

1=yes 
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Hypertension hyperten 401 I100 I101 I1500 

I1501 I1590 

I1591 

4011 4010 

4019 40591 

40599 

Any of 

0=no 

1=yes 

Intra-aortic balloon pump  Z743 

Z780 

1IC53 4961 Any of 

0=no 

1=yes 

CIHI:surg_date-1 

OHIP:servdate<surg_date 

Left ventricular function lv    lv 1=>50% 

lv 2=35-49% 

lv 3=20-34% 

lv 4=<20% 

Myocardial infarction prevmi 410 

412 

I21 I22 410 Any of 

0=no 

1=yes 

Height height     

Peripheral vascular disease pvd 443 I73 44389 4439 Any of 

0=no 

1=yes 

Urgency Rating Score 

(URS) 

urs    urs 0=elective 

urs 1=semi-urgent 

urs 2=urgent 

urs 3=emergent 

Vessels discirc/ surg_stencirc 

disolad/ surg_mlad  

displad/ surg_stenplad 

disrca/ surg_stenrca 

 

 

 

 

dislm/ surg_stenlm 

 

 

   vessels 0=none of 

circ/RCA/LAD >70% 

vessels 1=one of 

circ/RCA/LAD >70% 

vessels 2=two of 

circ/RCA/LAD >70% 

vessels 3=all of 

circ/RCA/LAC >70% 

 

lm=1 (otherwise 

lm=0)>50% 

Weight 

 

 

 

weight     
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Postoperative Coding 

 

Variable CCN OHIP CIHI CCI CIHI CCP  Notes 

Return to OR  M134    

Esophageal 

procedure postop 

 S096 Z515 Z399 

Z400 

1AN80 2NA70BA 5472 5470 0112  

Pulm artery 

procedure postop 

  1IM80 5132 5156 5157   
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Appendix C 

Missing Data 

Percent missing data by monitor, death, institution and year 

Variable** CCS URS Height Weight LV Creat Dialysis 

Missing Data by Monitor 

CVP (5.2%)# 5.09 4.62 15.20 14.62 5.08 5.69 5.05 

PAC (66.8%) 84.28 79.35 65.66 66.70 84.36 77.87 84.42 

TEE (2.69%) 0.55 0.78 5.23 4.76 0.57 1.95 0.55 

PAC/TEE (25.4%) 10.08 15.24 13.91 13.92 9.99 14.49 9.98 

Missing Data by Death 

Alive (98.8%) 98.21 98.12 98.14 98.20 98.20 98.30 98.28 

Dead (1.2%) 1.79 1.88 1.86 1.80 1.80 1.70 1.72 

Missing Data by Institution 

0 (4.5%) 5.04 4.78 19.67 18.58 5.10 6.93 5.05 

1 (9.4%) 12.40 12.82 10.78 10.86 12.29 12.65 12.43 

2 (13.4%) 17.07 16.18 12.18 12.44 17.07 15.59 17.09 

3 (3.9%) 5.33 5.72 8.14 8.09 5.49 5.26 5.37 

4 (5.0%) 0.49 1.21 0.62 0.56 0.26 0.28 0.21 

5 (9.1%) 11.17 13.25 7.92 8.11 11.22 10.35 11.20 

6 (13.5%) 14.55 12.89 10.19 10.44 14.58 13.06 14.59 

7 (7.3%) 9.62 9.50 8.25 8.37 9.63 10.10 9.67 

8 (6.8%) 0.68 1.60 5.27 5.18 0.68 4.25 0.68 

9 (15.3%) 11.88 10.92 8.38 8.55 11.89 10.58 11.91 

10 (1.7%) 11.72 11.08 8.58 8.79 11.74 10.90 11.75 

Missing Data by Year 

2001 (5.7%) 89.84 79.13 62.55 63.98 89.98 79.36 90.07 

2002 (10.8%) 5.17 5.22 8.07 7.92 5.15 5.23 5.18 

2003 (10.8%) 0.88 1.49 6.55 6.35 0.81 1.86 0.81 

2004 (10.8%) 0.62 1.85 4.83 4.76 0.70 1.54 0.89 

2005 (10.5%) 0.57 2.70 4.63 4.48 0.55 1.56 0.57 
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2006 (9.8%) 0.52 1.35 3.18 3.18 0.62 3.05 0.47 

2007 (9.9%) 0.57 1.83 1.30 1.22 0.57 1.01 0.47 

2008 (9.3%) 0.83 1.58 2.17 2.00 0.62 1.49 0.55 

2009 (9.1%) 0.31 1.40 1.94 1.78 0.31 1.33 0.31 

2010 (8.9%) 0.26 2.13 2.33 2.09 0.26 2.00 0.26 

2011 (4.5%) 0.42 1.42 2.44 2.24 0.42 1.56 0.42 

Total (% variable 

missing) 

6.35 7.21 9.12 8.92 6.34 7.19 6.33 

 

**ccs=Canadian Cardiovascular Society angina class, urs=urgency rating score, lv=left 

ventricular function, creat=creatinine 

# percentage of 60,592 
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Appendix D 

Subgroup Analysis 

Table 5: Logistic regression models examining the association between monitor exposure on 

the day of surgery and 30-day mortality in CABG stratified by off- and on-pump surgery 

 

 

 

 

 

 

 

Table 6: Logistic regression model examining the association between monitor exposure on 

the day of surgery and 30-day mortality in CABG stratified by institution 

 

 

 

 

 

 

 

 

 

*Only institution 0 presented, as all other institutions had non-significant results 

 Off-Pump On-Pump p value 

Hosmer-Lemeshow p 

value, c statistic 

0.1429, 0.85 0.1006, 0.84 - 

CVP Reference Reference - 

PAC 

OR (95% CI) 

0.25 (0.04, 1.73) 0.88 (0.40, 1.95) 0.2274 

TEE 

OR (95% CI) 

1.01 (0.13, 7.73) 0.45 (0.19, 1.06) 0.4746 

PAC/TEE 

OR (95% CI) 

0.61 (0.09, 4.25) 1.22 (0.55, 2.69) 0.5150 

 Institution 0* 

Hosmer-Lemeshow p 

value, c statistic 

0.1095, 0.79 

CVP, % 66.54 

PAC, % 1.46 

TEE, % 29.63 

PAC/TEE, % 2.37 

PAC 

OR (95% CI) 

6.02 (1.52, 23.84) 

TEE 

OR (95% CI) 

0.39 (0.13, 1.15) 

PAC/TEE 

OR (95% CI) 

3.64  (0.96, 13.86) 
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Table 7: Logistic regression model examining the association between PAC and PAC/TEE 

exposure on the day of surgery and 30-day mortality in CABG stratified by off- and on-

pump surgery 

 

 

 

 

 

 

 

 

 

 

 

 

 Off-Pump On-Pump p value 

Hosmer-Lemeshow p 

value, c statistic 

0.6199, 0.86 0.0996, 0.84 - 

PAC Reference Reference - 

PAC/TEE 

OR (95% CI) 

2.40 (1.40, 4.12) 1.39 (1.13, 1.71) 0.0640 
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Table 8: Logistic regression models examining the association between PAC and PAC/TEE 

exposure on the day of surgery and 30-day mortality in CABG stratified by institution 

Institution 0 1 2 3 4 5 6 7 8 9 10 

Hosmer-

Lemeshow 

p value, c 

statistic 

0.8634, 

0.88 

0.9328, 

0.87 

0.1247, 

0.84 

0.5775, 

0.86 

0.0844, 

0.84 

0.6283, 

0.85 

0.8105, 

0.83 

0.5742, 

0.88 

0.8350, 

0.82  

0.4459, 

0.83 

0.5802, 

0.84 

PAC% 38.20 83.13 81.56 79.75 74.42 76.75 44.82 67.38 6.41 84.09 95.50 

PAC/TEE% 61.80 16.87 18.44 20.25 25.58 23.25 23.25 36.62 93.59 15.91 4.50 

PAC Ref.* Ref.* Ref.* Ref.* Ref.* Ref.* Ref.* Ref.* Ref.* Ref.* Ref.* 

PAC/TEE 

OR (95% 

CI) 

0.56 

(0.08, 

4.21) 

1.31 

(0.67, 

2.54) 

2.24 

(1.30, 

3.85) 

1.15 

(0.45, 

2.97) 

2.64 

(0.97, 

7.22) 

1.64 

(0.97, 

2.77) 

0.91 

(0.59, 

1.40) 

1.02 

(0.51, 

2.04) 

1.39 

(0.40, 

4.84) 

1.67 

(1.05, 

2.65) 

2.97 

(1.54, 

5.72) 

 

*Reference 
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