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ABSTRACT  

 

 

Objective: Evaluation of surgical quality ensures consistency of care and facilitates 

improvements in the quality of care delivered.  

Methods: An overview of surgical quality measurement is presented. A system for 

monitoring thoracic morbidity and mortality (TM&M) at the Ottawa Hospital is introduced 

and evaluated. Results of a needs assessment survey on the involvement in thoracic surgical 

research and quality improvement initiatives are presented.   

Results: Structure, process, and outcomes reflect different viewpoints on how to evaluate 

surgical quality. The feasibility of the TM&M system is evaluated using descriptive and 

univariate statistics, while its inter-rater reliability is assessed amongst the Canadian 

Association of Thoracic Surgeons.  

Conclusions: Outcomes have been fundamental in the evaluation of surgical quality. 

TM&M classification system advocates for a practice of continuous quality improvement 

and provides standardized and reliable feedback on surgical outcomes. Results of the needs 

assessment have built a strong foundation of knowledge on prospective ways to enhance the 

monitoring of surgical quality. 
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INTRODUCTION 

 

 Evaluation of surgical quality is of utmost importance for patients, physicians and 

hospitals. Evaluating surgical quality helps to ensure consistency of care and facilitates in 

monitoring and improving the quality of surgical care delivered (1). Evaluation of surgical 

quality can also provide information to the hospital for decision-making and planning (1). 

Furthermore, resources and staff can be allocated to areas shown to increase patient care and 

provide support to those areas deemed to make the most difference for patients in terms of 

quality (1).  

According to Donabedian (2), assumptions about the quality of surgical care can be 

made from three components: structure, process, and outcomes. Structure refers to 

organizational characteristics of the particular health care setting. Process refers to the 

perioperative care received by the patient, and finally, outcomes refer to the effects of care 

on the health status of the patient (2). Surgical outcomes are most commonly used in many 

ongoing efforts as measures of the quality of surgical care (3), as many consider patient 

outcomes at the core of surgical practice. There is no doubt that surgeons have to monitor 

and assess complication rates in order to design and implement systems that minimize them. 

Continuous regulation with ongoing feedback on the results to the care teams forms the 

foundation of an efficient monitoring system (4). 

 In 1992, Clavien and colleagues were to first to introduce an innovative system to 

grade complications by severity proportional to the effort required to treat the complications 

(5). This methodology was recently revised and a novel five-tiered classification system was 

developed with the intent of presenting an objective and reproducible method for reporting 

complications (6). This system, now known as the Clavien-Dindo classification system, has 
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been used in several surgical specialties; however, there have been no published abstracts or 

papers applying the approach of standardizing surgical morbidity following thoracic surgery. 

The objective evaluation of both the presence and severity of thoracic morbidity and 

mortality and the prospective monitoring of thoracic surgical volume represents an important 

means of standardizing surgical outcomes, enabling comparisons between centers and 

surgeons, and represents a crucial component to ensuring continuous quality improvement 

and the best practice of care.  

Thesis Objectives: 

 In order to conduct a thorough evaluation of surgical quality, with an emphasis on the 

monitoring of thoracic-related, peri-operative complications, four thesis objectives have been 

outlined:  

1. Conduct a literature review to identify methods used for the evaluation of surgical 

quality  

2. Refine a thoracic morbidity and mortality (TM&M) classification system and 

evaluate its feasibility and utility over the first two years of its implementation at the 

Ottawa Hospital  

3. Evaluate the reliability and reproducibility of the TM&M classification system 

amongst a national cohort of thoracic surgeons using surgical case scenarios  

4. Conduct a needs assessment survey to identify surgeons‟/institutions‟ involvement 

and capacity in thoracic surgical research and quality improvement initiatives across 

Canada  
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ABSTRACT: 

Background: An overview of the literature on surgical quality measurement is summarized 

through a discussion of three important aspects of quality: structure, process and outcomes of 

care.  

Methods: The review of the literature compromised a search of the following electronic 

databases: MEDLINE, SCOPUS, Web of Science (via Web of Knowledge), Cochrane 

Library, and PubMed. The search method was applied and adjusted to each selected database 

and included the following search terms: specialties (surgical/standards); surgical procedures 

(operative); quality assurance (healthcare); quality control; quality of healthcare; outcome 

and process assessment (healthcare); and postoperative complications/epidemiology. 

Results: A total of 115 abstracts were identified and scanned for relevance. Of the abstracts, 

56 reports met the inclusion criteria and were included in the literature review. Provider 

volume is frequently studied to evaluate the quality of surgical care at the structural level.  

Important process measures include: the preoperative preparation of the patient, the choice of 

the surgical intervention, and use of preoperative checklists. Lastly, morbidity and mortality 

rates remain the most frequently measured and reported surgical outcomes.  

Conclusions: Outcomes measurement has been fundamental in evaluating the quality of 

surgical care.  Specifically, most quality initiatives in surgery have focused on measures of 

morbidity and mortality. Thus, the use of a standardized classification system is fundamental 

for the reliable evaluation and monitoring of post-operative morbidity and mortality.  
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INTRODUCTION  

The delivery of the best quality care is the collective goal of all health care systems 

and of those who are employed within these systems. Nevertheless, wide variations in the 

quality of surgical care can still be found (1), as the provision of surgical care is 

technologically advanced, highly specialized, and involves invasive procedures performed on 

high-risk groups of patients (2). Thus, there is a need to identify methods that allow for 

continuous measurement and evaluation of the quality of surgical care delivered. The 

measurement and evaluation of surgical quality refers to the methodological review of the 

surgical speciality with the purpose of identifying shortcomings and raising standards of care 

(3). Recommendations can then be put forth so that errors are not repeated and standards of 

practice are maintained or raised (3).  

Similarly, Donabedian advocates that the evaluation of quality in health care entails 

the assessment of specific and measurable elements of practice that are amenable to 

quantification (4). Donabedian has further opined that the information from which 

assumptions can be made regarding the quality of care can be arranged under three broad 

categories: structure, process, and outcome (4). Our objectives were to perform a literature 

review within this context, namely describing elements of structure, process, and outcomes 

that have been associated with surgical quality. The three areas clearly overlap to some 

degree, nonetheless, this triad approach provides a useful means to classify and evaluate 

surgical quality. Large-scale initiatives that have attempted to improve the quality of surgical 

care by targeting one or more aspects of the triad will also be discussed and the advantages 

and disadvantages of these initiatives will be presented as well. 

METHODS 

The review of the literature compromised a search of the following electronic 
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databases: MEDLINE, SCOPUS, Web of Science (via Web of Knowledge), Cochrane 

Library, PubMed and PubMed related articles option. The search method was applied and 

adjusted to each selected database and included the following search terms: specialties 

(surgical/standards); surgical procedures (operative); quality assurance (healthcare); quality 

control; quality of healthcare; outcome and process assessment (healthcare); and 

postoperative complications/epidemiology. A structured approach to the literature review 

helped to ensure that important information was not overlooked. A total of 115 abstracts 

were identified and scanned for relevance. Of the identified abstracts, 56 reports were 

considered relevant and the full articles were reviewed for further evaluation. The 

bibliography of each article was reviewed for other potentially relevant papers. The main 

selection criteria were publications in English since 1988. Other selection criteria included 

origin of studies, which was limited to U.S., Canada, and Western Europe. Studies were also 

restricted to surgical care. The selected publications consisted of original research, 

systematic reviews, evaluative studies, and opinion articles.   

 

STRUCTURE 

Structure refers to the characteristics of the settings in which health care occurs (4). 

Structural measures also include the knowledge and organization of healthcare personnel (5), 

hospital accreditation, and the availability of medical devices and drugs (6). Relative to 

surgery, structural measures include the following: the physical plant, the equipment and 

supplies, the members of the surgical team and their qualifications, and provider volume (2). 

Surgical wait times are another commonly targeted indicator of the quality of care at the 

structural level, as longer wait times have been linked with poorer outcomes in several 

surgical procedures (7).  It is important to note that many structural elements are not rapidly 
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actionable, and ultimately their use a method toward quality improvement is limited (8).  

Of the above variables, provider volume is most frequently studied to evaluate the 

quality of surgical care. Generally, patients can experience lower mortality rates when 

choosing to undergo surgery at a high-volume institution (7-8). Both, simple common and 

rare complex surgical procedures performed at high-volume institutions are linked with 

lower mortality and improved operative outcomes (9 - 20).  

The evidence exploring the reason why high volume has been linked with better 

outcomes is inconclusive. One thought is that practice makes perfect. Performing the same 

procedure countless times produces familiarity with its complexities and ultimately leads to 

improved judgment and fewer errors (12). However, it remains unclear whether surgeon or 

hospital volume is the more important factor in the volume-outcome relationship. For 

operations that are dependent on surgeon volume, outcomes may well indeed depend 

primarily on the traits of the surgeon, such as preoperative decision making or surgical skill. 

For other operations, surgical outcomes may be associated more on institutional-level 

attributes, such as the careful attention provided by a specialized team involving preoperative 

preparation, intraoperative care provided by anaesthesiologists, and postoperative critical 

care (13). Nurse staffing levels and the degree to which intensive care units are closed and/or 

staffed by intensivists, have consistently been linked to lower hospital mortality rates 

following surgery as well (21 - 23).  

 

Structural Quality Initiatives 

The Leapfrog Group was formed in November 2000 as an effort aimed at improving 

safety for high-risk surgical procedures (24). The Leapfrog Group has established several 

quality practices for hospitals, including volume-based hospital referral (25). 
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Volume-based referral strategies are most appropriate for procedures with the 

greatest outcome variability between low-volume and high-volume institutions, and for 

particularly high-risk groups of patients (26). For instance, the Leapfrog Group has set a 

minimum volume requirement of 500 procedures for coronary artery bypass grafting (26). 

Among their advantages, volume-based referral strategies depend mainly on 

structural measures of quality and thus can be applied to surgical practice easily and 

inexpensively (13). However, volume-based referral strategies tend to be highly 

discriminating as they separate both hospitals and their attending staff into winners and 

losers (13). Thus, volume-based referral strategies need to be complemented with other types 

of quality improvement initiatives. 

 

PROCESS 

Process refers to the act of giving and receiving care (4). In surgery, important 

process measures include: informed consent, the preoperative preparation of the patient, the 

choice of the surgical intervention and its execution, use of preoperative checklists, routine 

postoperative care and efficient clinical handover (27). The interest in process measures has 

grown because they allow for more specific actions geared towards quality improvement (8). 

When strictly applied, such processes can have a significant effect on large patient 

populations (27). For instance, appropriate antibiotics given at the appropriate time decrease 

the rate of surgical site infections (28 - 30). Supplemental oxygen has also been associated 

with decreased infection rate (30).  

The use of endoscopic procedures has also transformed several aspects of surgical 

care and has lead to the reassessment of traditional care regimens when compared with open 

procedures. Studies have reported less pain, shorter hospital stay, and decreases in morbidity 
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rates after laparoscopic surgery (30). Minimally invasive surgery is considered one of the 

most important techniques for future improvement of postoperative outcomes (30). 

Clinical pathways and surgical checklists are also thought to be an important tool to 

improve care in surgery. Clinical pathways and surgical checklists are standardized and 

objective care plans outlining the necessary measures to be performed throughout 

perioperative care (32-34). Clinical pathways and surgical checklists are useful in avoiding a 

forgotten order and to induce a reproducible expectation for residents, nurses, and other care 

team members (34), while decreasing the chances of human error.  

 

Initiatives Aimed at Improving the Process of Care 

The Surgical Care Improvement Project (SCIP) focuses on four broad areas where 

the incidence and cost of complications in surgery is high and where there is a significant 

opportunity for prevention (29). SCIP was created to reduce risks of 1) surgical site 

infection, 2) venous thromboembolism, 3) cardiac events, and 4) ventilator acquired 

pneumonia. The process of surgical infection prophylaxis is a measure of surgical quality 

because the outcome of wound infections is closely linked to the process (29). However, 

more studies are needed to examine whether increased compliance with SCIP processes will 

reduce variation in surgical mortality across hospitals.   

 

OUTCOMES  

 Outcomes measurement has been fundamental in evaluating the quality of surgical 

care (5). The measurement of surgical outcomes dates back to the early 20
th

 century (35). 

Surgical outcomes are the most discussed, most cited, and arguably the most relevant of the 

three categories of care. Essentially, outcome signifies the effects of care on the health status 
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of patients (4).  

Examples of commonly used outcomes in surgery include preventable adverse 

events, hospital length of stay, hospital readmission, long-term survival, healthcare costs, 

patient experience – including patient satisfaction, functional health status, and other 

measures of health-related quality of life, and postoperative morbidity and mortality (M&M).   

It is important to differentiate between complications due to patient disease and those 

due to medical error. Thus, preventable adverse events are caused by medical errors and can 

be indicative of broader quality issues that are systemic in origin, whereas M&M rates are 

indicative of quality within an individual division (due to patient‟s disease) (36).  

Hospital length of stay (LOS) is generally reflected by the severity and extent of post-

operative morbidity (2). LOS, as a measure of quality of surgical care, has not yet been 

validated (2). 

Hospital readmission refers to patients who experience two or more hospital events 

within a specified time period (37). Several studies have shown an association between 

hospital readmission and improper care during the initial hospitalization period (38-39). 

Long-term survival after a surgical operation is impacted by the patient‟s disease, the 

type of surgical intervention performed, and the patient‟s response to treatment (2). 

Therefore, long term survival is unpredictable (2). 

Healthcare costs are another indicator of surgical quality. Essentially, high-quality 

surgery costs less. Poor quality surgery, on the other hand, is more costly because it increases 

morbidity, requires more resources, and prolongs hospital LOS (2). Cost accounting systems 

of surgery are not yet well developed (2). 

Outcome measurements are becoming more patient centered, as patients are 

becoming more active in defining surgical quality. Patient outcomes are measures of the 
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physical, psycho-social, and functional consequences an individual experiences with health, 

illness, and treatment (40-41). To accurately measure patient experience, the concept to be 

measured needs to be matched with the available instruments. A major challenge exists in 

measuring surgical outcomes due to the current lack of diagnosis specific instruments that 

are relevant to invasive surgical procedures (40). Nonetheless, measuring patient centered 

outcomes is a cornerstone for evaluating the effectiveness of invasive surgical procedures 

(40). 

Lastly, morbidity and mortality (M&M) rates remain the most frequently measured 

and reported endpoints (42). M&M rates are often the only data provided as a method of 

comparing surgical techniques, centers and surgeons (42). Postoperative mortality is simply 

defined as either in hospital mortality, 30-day mortality, or a combination of the two (2). 

Postoperative morbidity, on the other hand, refers to adverse events and complications 

following surgery (2). Surgical adverse events contribute significantly to postoperative 

morbidity, yet the measurement and monitoring of these adverse events is often vague and of 

uncertain reliability and reproducibility (43). 

Quality Initiatives geared towards Improving Surgical Outcomes 

Several ongoing, large-scale initiatives have been developed for measuring and 

improving surgical outcomes (8). For example, the National Surgical Quality Improvement 

Program (NSQIP) (44) and the Society for Thoracic Surgeons (STS) database (45), provide 

hospitals and cardiothoracic surgeons with information on their risk-adjusted M&M rates.  

The NSQIP, for example, was created as a program that originated in the Veteran‟s 

Administration Hospitals in the United States as a quality improvement tool for surgical care 

(45). The NSQIP uses clinical information from medical records to risk-adjust hospital 

mortality rates. One of the advantages of this type of system includes extensive clinical 
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information on over one million patients for risk-adjusted analyses on 30-day outcomes of 

surgical care (45). Since the NSQIP has been implemented, marked improvement in surgical 

quality has been documented – M&M rates have declined, patient satisfaction has improved, 

and lengths of stay have decreased (46). 

The NSQIP and STS database offer inter-institutional benchmarking, however, they 

are less applicable as a continuous quality improvement measure for an individual surgical 

program, as understanding and improving the delivery of a particular operation may require 

measures tailored to that operation (8), such as proper evaluation of the burden of illness of 

individual complications and subsequent patient impact. Moreover, the measurement and 

monitoring of postoperative morbidity is much less efficient than of mortality due to the lack 

standardized definitions within the NSQIP and STS database (47). 

 

New Paradigm for Improving the Quality of Surgical Care  

The use of standardised, valid and reliable definitions is fundamental to the accurate 

measurement and monitoring of surgical adverse events (43). This notion has in part 

encouraged a movement toward a new paradigm for improving the quality of surgical care, 

involving the continuous surveillance and evaluation of surgical adverse events. Continuous 

and objective analysis and discussion of surgical M&M is the foundation of quality 

assurance. Continuous monitoring of surgical M&M: i) allows for benchmarking; 2) 

identifies areas in need of improvement; 3) improves knowledge transfer; 4) facilitates staff 

and resident education; 5) enables prospective research; and 6) evaluates effectives of 

interventions.  

Clavien and colleagues were the first to introduce an innovative system to grade 

complications by severity proportional to the effort required to treat the complications (48). 
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This system, now known as the Clavien-Dindo classification system, was validated in 2004 

in a large cohort of patients, who underwent a number of general surgical procedures, and 

has been used in several surgical subspecialties (49-54). This system of reporting is precise, 

simple, and reproducible, and serves as a continuous means of evaluating the completeness 

of M&M reporting and monitoring of surgical quality (42).  

 

CONCLUDING REMARKS: 

Surgical care quality is a multidimensional construct, as such, it is important to 

consider and understand the relationships between structure, process of care, and surgical 

outcomes. The three areas are interrelated, as quality assessment is only possible because 

good structure increases the likelihood of good process, and good process increases the 

likelihood of good outcome (4). To date, however, most quality improvement initiatives in 

surgery have focused on measuring outcomes, in particular, postoperative morbidity and 

mortality (8). There is thus a clear need for surgeons to accept a single and standardized 

grading system that has been demonstrated on scientific evaluation to be valid and reliable 

(44). A standardized and objective system of surgical complications is the foundation (55), 

on which relative performance measures could be compared, existing performance measures 

could be assessed, and gold standards could be recognized and realized (56).  
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INTERFACE  

 

It is important to standardize the definition of both presence and severity of surgical 

complications, as well as perform continuous quality monitoring. However, the lack of 

standardization in evaluating morbidity after thoracic surgery has severely hampered 

meaningful comparisons over time. The following article describes the first step of the 

creation of a system to monitor thoracic surgical quality. The Clavien-Dindo classification 

system, which has been used in other surgical specialities, was adapted to the thoracic 

surgical setting. Additionally, peer review, questionnaire, and surgeon experience were used 

to develop the thoracic morbidity and mortality (TM&M) classification system. The TM&M 

system relies on the therapy used to correct a specific complication. Grade I and grade II 

complications include minor deteriorations from the normal postoperative course that require 

either no intervention of pharmacologic therapy, respectively. Grade III complications 

require interventional treatment. Grade IV complications are life-threatening complications 

with ICU management. Grade V complications result in the death of a patient. 

Additional aims of the study were to evaluate the feasibility and utility of the TM&M 

system over the first two years of its implementation at the Ottawa Hospital. All patients 

undergoing thoracic surgery between January 2008 and December 2009 were prospectively 

evaluated. Topics such as overall grade and severity of thoracic surgical complications, 

common complications for major thoracic procedures, impact of complication grade on 

readmission rates and length of stay, burden of illness of individual complications, change in 

complications over the 2-year time period, and incidence of complications in subgroups, are 

considered in the manuscript.  
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Morbidity and mortality conferences have been greatly enhanced by the improved 

quality of statistical reporting of thoracic surgical complications. With the TM&M 

classification system fully in effect at the Ottawa Hospital, the thoracic oncology team plans 

to continue to build upon a strong commitment to surgical quality.  
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ABSTRACT: 

 

Background: Objective reporting of postoperative complications is the foundation of 

surgical quality assurance. We developed a system to identify both presence and severity of 

thoracic morbidity and mortality, and evaluated its feasibility and utility over the first two 

years of its implementation.   

Methods: The system was based on the Clavien-Dindo classification, in which the severity 

of a complication is proportional to the effort to treat it. Definitions were developed by peer 

review and questionnaire. All patients undergoing thoracic surgery (01/2008-12/2009) were 

prospectively evaluated. 

Results: 953 patients (mean age 61, range 14-95) underwent thoracic surgery, of whom 369 

(29.3%) patients had at least one complication. Grades I and II include minor complications 

requiring no therapy or pharmacologic intervention only. Grades III and IV are major 

complications that require surgical intervention or life support.  Grade V complications result 

in patient death. Grade I, II, III and IV complications comprised 4.9%, 63.9%, 21.1% and 

7.8% of all complications; overall mortality rate (Grade V) was 2.2%. The most common 

complications were prolonged air leak (18.8%) and atrial fibrillation (18.2%) following 

pulmonary resection, and atrial fibrillation (11.5%) after esophagectomy/gastrectomy. 

Prolonged air leak led to a major complication (13%), readmission (17%) or prolonged 

hospital stay (29%) to a greater extent than atrial fibrillation (3%, 2% and 7%, respectively).  

Conclusions: This standardized classification system for identifying presence and severity of 

thoracic surgical complications is feasible, facilitates objective comparison, identifies burden 

of illness of individual complications, and provides an effective method for continuous 

surgical quality assessment.  
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INTRODUCTION:  

 

 Objective analysis and discussion of surgical morbidity and mortality (M&M) is the 

foundation of quality assurance. However, defining and measuring quality is a particularly 

difficult undertaking (1). Mortality is well defined in the medical literature and is a 

comparable surgical outcome, whereas morbidity rates have been poorly reported; thus, 

limiting comparisons among surgeons, procedures, and centers, and within the same center 

over time (2 – 4). To enable such comparisons, data on surgical outcomes must be acquired 

in a standardized and transparent format (2). Short-term surgical outcomes, such as hospital 

length of stay (LOS), 30-day mortality rate, operating time, and approximate blood loss, are 

regularly reported in the data collected; yet, conclusive assessments of surgical procedures 

have remained limited by the lack of agreement on how to define and classify complications 

by severity (5). 

 Most surgeons depend on regular review of complications at M&M conferences to 

evaluate experience, analyze complications and receive feedback regarding quality 

improvement measures undertaken to minimize risk (6). However, data from M&M 

conferences are neither systematically collected, nor stored in a standardized and 

reproducible fashion (7). These shortcomings of traditional methods for quality assurance 

have partly encouraged a movement toward a new paradigm for improving surgical care 

quality (8). 

 In 1992, Clavien and colleagues introduced an innovative system to grade 

complications by severity proportional to the effort required to treat the complications (2). 

This methodology was recently revised and a novel five-tiered classification system was 

developed with the intent of presenting an objective and reproducible method for reporting 
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complications after general surgery (9). This system, now known as the Clavien-Dindo 

classification system, has been validated in a large cohort of patients, who underwent a 

number of general surgical procedures, and has universal applicability (10 – 14). However, 

there have been no published abstracts or papers applying the approach of standardizing 

surgical morbidity following non-cardiac thoracic surgery. 

Thus, our aims were to develop a classification system to grade presence and severity 

of thoracic morbidity and mortality (TM&M), which would enable us to compare surgical 

procedures and subgroups of patients, and simultaneously allow us to evaluate the feasibility 

of the system over the first two years of its implementation at the Ottawa Hospital, a high-

volume, single academic thoracic surgery center. The Ottawa Hospital serves a population of 

1.35 million people and thoracic surgical care is consolidated at one campus by five thoracic 

surgeons and one resident. We hypothesized that a standardized system for classifying 

thoracic-related post-operative complications would function as a basis to inform the 

individual surgeon regarding M&M rates following thoracic surgery. 

 

METHODS:  

Ethical Concerns: 

 Research on complex diseases raises ethical issues concerning informed consent, 

privacy, and patient confidentiality. The Ottawa Hospital Research Ethics Board approved 

the collection of thoracic morbidity and mortality data, through waived consent (refer to 

Appendix A). 

Development and Classification of Surgical Complications: 

 The TM&M system was developed according to the Clavien-Dindo classification 

schema (9) of surgical adverse events (Table 3.1).  
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Definitions of surgical adverse events were modified according to complications in 

patients following non-cardiac thoracic surgery through peer review and questionnaire, and 

adjusted based on surgeons‟ experience. A complication was defined as any deviation from 

the normal postoperative course. For each of the following systems: pulmonary, pleural, 

cardiac, renal, gastrointestinal, neurological, wound, and other, complications were described 

associated with the specific grading system (refer to Appendix C). The Common 

Terminology Criteria for Adverse Events (CTCAE version 3.0) (15) was also used to refine 

some definitions.   

Patients:  

The TM&M classification system was applied to a cohort of 953 consecutive patients 

undergoing non-cardiac thoracic surgery at The Ottawa Hospital from January 1, 2008 to 

December 31, 2009. Demographics and indications for operation are shown in Table 3.2. 

There were 520 male (54.5%) and 433 female (45.5 %) patients with a mean age of 61 years 

Table 3.1. Classification of complications following thoracic surgery  

Grade Definition 

Complication Any deviation from the normal post-operative course.  

Minor Grade I Any complication without need for pharmacologic treatment or other 

intervention. 

Grade II Any complication that requires pharmacological treatment or minor 

intervention only. 

Major  Grade III Any complication that requires surgical, radiological, endoscopic 

intervention, or multi-therapy.  

Grade IIIa Intervention does not require general anaesthesia. 

Grade IIIb  Intervention requires general anaesthesia.  

Grade IV Any complication requiring ICU management and life support. 

Grade IVa Single organ dysfunction. 

Grade IVb Multi-organ dysfunction.  

Mortality  Grade V Any complication leading to the death of the patient.  
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(range, 14–95 years). While 592 patients (62.1%) had a malignant disease, the remaining 361 

patients (37.9%) had a range of benign lung, esophageal and other thoracic-related diseases.  

 

 

 

 

 

 

 

 

 

 

 

Data Collection: 

 Daily data collection of M&M was carried out by a senior thoracic surgical resident 

and the thoracic surgery research coordinator using the TM&M form. Weekly lists of 

operative procedures along with related complications were compiled and further validated 

by attending staff. These complications were then discussed at monthly M&M conferences. 

A database for complication reporting was developed; data entered included gender, age and 

preoperative diagnosis. Surgical details entered were type of operation, including whether it 

was a video assisted or open operation. The grading of complications was prospectively 

applied to each patient according to severity and effort required to treat the complication 

(Table 3.1), but risk adjustment was not done at this time. Access to the database was 

protected by password and limited.   

Table 3.2. Demographics and preoperative diagnoses for patients (n = 953)  

Demographics 

Mean age (in years), range 60.9 14 – 95 

Gender n % of Total Cases 

Males 520 54.5 

Females 433 45.5 

Preoperative Diagnosis   

Lung n % of Total Cases 

Malignant 441 46.3 

Benign 148 15.5 

Esophagus   

Malignant  83 8.7 

Benign  175 18.4 

Other   

Malignant  68 7.1 

Benign  38 4.0 
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Statistical Analysis: 

 Descriptive statistical analyses were performed to analyze surgical volume and M&M 

rates after non-cardiac thoracic surgery. Incidence of complications in different subgroups 

was analyzed using the Chi-square test or Fisher‟s exact test. Correlations between 

complication grade and hospital length of stay was analyzed using analysis of variance 

(ANOVA). A p value of less than 0.05 was considered significant. Data was analyzed using 

SAS version 9.2 software.    

 

RESULTS: 

Overall Grade and Severity of Thoracic Surgical Complications 

 During the study period, a total of 953 patients (mean age 61, range 14-95) 

underwent a thoracic surgical procedure, of which 369 (29.3%) patients had at least one 

complication. As suggested by Clavien et al., 2009, our goal was to record only the most 

severe complication pertaining to the affected system, when those complications of a lower 

grade are a step in the process leading to the more serious outcome (16). Thus, grades I and 

II are minor complications, and comprised 4.9% and 63.9% of all complications, 

respectively. Grade III and IV are considered major complications and comprised 21.1% and 

7.8% of all complications, respectively. Overall mortality rate (Grade V) was 2.2%. 

Distribution of complications by grade and by major surgical procedure is presented in Table 

3.3. Of the 229 lobectomies performed, 96 (41.9%) were done by video-assisted 

thoracoscopic surgery. 
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Common Complications for Major Thoracic Procedures 

 The most common complications and their frequency are presented in Tables 3.3 and 

3.4 for patients who underwent a lobectomy, pneumonectomy, or an 

esophagectomy/gastrectomy.  

 Grade I complications accounted for 7.5% of all lobectomy complications, with 

pneumothorax being the most common grade I complication. Grade II complications made 

up the majority of lobectomy complications with a total of 69.6%; prolonged air leak 

(22.4%) and atrial fibrillation (17.4%) were the most common grade II complications. Atrial 

fibrillation classified under grade II was defined as requiring medical therapy only (e.g. beta-

blockers) for heart rate control. Prolonged air leak classified under grade II was defined as 

persistent air leak beyond five (5) days. Next, grade IIIa complications made up 13.0% of 

lobectomy complications, with pneumothorax being the most common complication 

requiring placement of an additional pleural tube. Postoperative bleeding requiring re-

exploration was the most common grade IIIb complication. Respiratory failure was the most 

Table 3.3. Total complications for all cases and for three major surgical procedures  

Complication Grade 

Major Surgical Procedure 
All Cases 

(n = 1260) 
Lobectomy 

(n = 229) 

Pneumonectomy 

(n = 33) 

Esophagectomy/ 

Gastrectomy 

(n = 51) 

 

Minor 

Grade I  12 (7.5) 0 (0) 2 (3.8) 22 (4.9) 

Grade II  112 (69.6) 17 (54.8) 29 (55.8) 287 (63.9) 

 

 

Major 

Grade IIIa  21 (13.0) 1 (3.2) 5 (9.6) 63 (14.0) 

Grade IIIb  5 (3.1) 3 (9.7) 8 (15.4) 32 (7.1) 

Grade IVa  7 (4.3) 8 (25.8) 8 (15.4) 30 (6.7) 

Grade IVb  1 (0.6) 0 (0) 0 (0) 5 (1.1) 

Mortality Grade V  3 (1.9) 2 (6.5) 0 (0) 10 (2.2) 

Total # Complications 161 31 52 449 

Total # Patients with Complications 113 (49.3) 18 (54.6) 27 (60.8) 369 (29.3) 
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common grade IVa complications. A total of 3 (2.4%) deaths occurred in patients undergoing 

a lobectomy due to respiratory failure, pneumonia, and gastrointestinal bleeding. 

 A similar trend in complication rates was noted for patients who underwent a 

pneumonectomy or an esophagectomy/gastrectomy, with grade II complications 

compromising the majority of complications. Atrial fibrillation (22.6%) was the most 

common Grade II complication after pneumonectomy. There were 2 (6.5%) deaths in the 

pneumonectomy group due to pneumonia.  

 An array of grade II complications occurred in patients who underwent an 

esophagectomy/gastrectomy, amongst which atrial fibrillation (11.5%) was the most 

common. There were no deaths in this group.  
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Table 3.4. Most common complications resulting from a major thoracic procedure 

Grade 

Lobectomy  

(n = 161) 

Pneumonectomy  

(n = 31) 

Esophagectomy/Gastrectomy  

(n = 52) 

Complication n % Complication n % Complication n % 

I 

Pneumothorax 2 1.2 - - Elevated White 

Blood Cells 

1 1.9 

Delirium  2 1.2 - - Elevated Platelets 1 1.9 

Social Issues 2 1.2 - - - - 

Other 6 3.7 - - - - 

II 

Prolonged air leak 36 22.4 Atrial Fibrillation 7 22.6 Atrial Fibrillation 6 11.5 

Atrial Fibrillation 28 17.4 Pneumonia 2 6.5 Urinary Tract 

Infection 

4 7.7 

Delirium 7 4.3 Low Hemoglobin 2 6.5 Wound Infection 3 5.8 

Other 41 25.5 Other 6 19.4 Other 16 30.8 

IIIa 

Pneumothorax 6 3.7 Urinary Tract Infection 1 3.2 Esophageal Leak 1 1.9 

Subcutaneous  

Emphysema 

3 1.9 - - Urine Retention 1 1.9 

Prolonged air leak 1 0.6 - - Urinary Tract 

Infection 

1 1.9 

Other 11 6.8 - - Other 2 3.8 

IIIb 

Postoperative 

Bleeding 

2 1.2 Empyma 2 6.5 Anastomotic Leak 5 9.6 

Subcutaneous  

Emphysema  

1 0.6 Hiatus Hernia  1 3.2 Ischemia 1 1.9 

Leak Anastomosis  1 0.6 - - Jejuno Necrosis 1 1.9 

Other 1 0.6 - - Other 1 1.9 

IVa 

Respiratory Failure 4 2.5 Respiratory Failure 3 9.7 Myocardial 

Infarction 

2 3.8 

PAL 1 0.6 Pulmonary Edema 1 3.2 Anastomotic Leak 1 1.9 

MI  1 0.6 Pneumonia 1 3.2 Respiratory Failure 1 1.9 

Other 1 0.6 Other 3 9.7 Other 4 7.7 

IVb Renal Failure 2 0.6 - - - - 

V 

Respiratory Failure 1 0.6 Pneumonia 2 6.5 - - 

Pneumonia 1 0.6 - - - - 

Gastro Intestinal 

Bleeding 

1 0.6 - - - - 
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Impact of Complication Grade on Readmission Rates and Prolonged Hospital Stay 

 Between May 1, 2009 and December 31, 2009, data were collected to evaluate the 

effect of complication grade on the risk of prolonged length of hospital stay and readmission 

to hospital for all cases. Patients with lower grade complications (i.e. grade II) were less 

likely (p <0.05) to have prolonged hospital stay when compared to patients with higher grade 

(i.e. III and IV) complications. During this time period, a number of patients were readmitted 

to the hospital, but readmission rates did not reach statistical significance.   

Burden of Illness of Individual Complications 

 The TM&M classification system offers a comprehensive and objective evaluation of 

the impact of individual complications on patients. Atrial fibrillation (18.8%) and prolonged 

air leak (18.2%) compromised the majority of grade II complications following pulomonary 

resection, and thus, require more careful attention. The majority of prolonged air leak 

complications following pulmonary resection were grade I or II (87%), Grade IIIa and IIIb 

were 9% and 2%, respectively, and Grade IV was 2%. Upon evaluation of all complications 

secondary to air leak after pulmonary resection, 97% of all atrial fibrillation was Grade II, 

with 1 patient (3%) experiencing a Grade IVa complication (Table 3.5). In addition, since we 

began evaluating if complications led to prolonged hospital stay or re-admission, we found 

air leak led to 17% rate of re-admission, and 29% prolonged hospital stay, compared to 2% 

and 7% for atrial fibrillation. Thus, despite similar incidence after pulmonary resection, we 

identified air leak as having a significantly greater burden of illness than atrial fibrillation as 

defined by more severe complications, re-admissions and longer stay.  
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Complications by Grade and by System 

 Grade II complications accounted for the majority (63.9%) of complications in 

patients who underwent a thoracic surgical procedure. When broken down by system, 

cardiac (27.5%), pleural (19.2%), and pulmonary (14.3%) complications accounted for the 

majority of grade II complications. A total of ten deaths occurred with an overall mortality 

rate of 2.2%. Of the ten patients that had a fatal outcome, six patients died from 

complications that were pulmonary in nature. An additional two patients died from cardiac 

complications. The remaining two patients died from other causes.  

Impact of Complication Grade on Length of Stay (LOS) 

 The influence of complication grade on hospital LOS was analyzed for major 

thoracic procedures. Patients were followed throughout their hospital course. For example, 

patients undergoing lobectomy are placed on a clinical pathway and their expected LOS is 5 

days if no complications occur post-operatively. We found that LOS was significantly longer 

(ANOVA, p < 0.05) for patients with higher grade complications undergoing a lobectomy 

procedure. The median length of hospital stay in patients with grade I complications was 5.5 

days (range 5 to 11 days), with grade II 8 days (range 3 to 42 days), with grade IIIa 8 days 

(range 3 to 23 days), grade IIIb 7.5 days (range 5 to 14 days), grade IVa 31 days (range 19 to 

114 days), and grade IVb 43 days (1 patient). Postoperative mortality was defined as in-

hospital mortality: 1 patient died of respiratory failure on postoperative day 32, 1 patient died 

of pneumonia on postoperative day 5, and 1 patient died of gastrointestinal bleeding on 

postoperative day 49. 

Change in Complications Over the 2-year Time Period 

 To determine whether the frequency of minor (grades I and II) and major (grades III 

and IV) complications have changed over time, we analyzed all patients who underwent a 



36 

 

lobectomy, pneumonectomy, and an esophagectomy/gastrectomy between January 1, 2008 

and December 31, 2009, in three-month intervals. The dispersion of minor and major 

complications for the three major procedures was not statistically significant.  Despite this, 

the TM&M classification system has provided our department with an objective evaluation 

of thoracic surgical complications and has facilitated effective M&M review.  

Incidence of Complications in Subgroups 

 Overall complication rate was not statistically different in patients undergoing a 

lobectomy or patients undergoing a pneumonectomy procedure (49.3% versus 57.6%; p = 

0.38). However, there was a significantly higher grade IVa complication rate in patients 

undergoing a pneumonectomy compared to those patients undergoing a lobectomy (24.2% 

versus 2.2%; p < 0.05). 

 Overall complication rate was not statistically different in patients undergoing video-

assisted thoracoscopic surgery or patients undergoing an open lobectomy (53.1% versus 

45.1%; p = 0.23).  

 Regardless of type of procedure, there was a significantly higher complication rate in 

patients older than 71 years of age compared to those patients younger than 70 years of age 

(62.1% versus 40.1%; p < 0.05). Particularly, patients older than 71 years of age experienced 

significantly more grade II complications (44.4% versus 23.4%; p < 0.05) in comparison to 

patients younger than 70 years of age. No differences in major complications occurred 

between the two age groups.  

 

COMMENT: 

 An objective evaluation of surgical care quality is of utmost importance for patients, 

physicians, and hospitals. Evaluating the outcome of patient care is helpful in improving the 
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quality of surgical care delivered. Thus, any system that is developed for this purpose must 

be simple, reproducible, and applicable to any surgical specialty at any medical institution. A 

uniform system would permit comparison of outcomes between surgical procedures, between 

different institutions, and allow for knowledge transfer for improvement in one‟s own 

institution. The implications are wide-ranging, as all disciplines would be empowered to 

work towards the same goal of improving surgical in-patient outcomes.  

The development of the TM&M classification system and the accompanying TM&M 

database has facilitated systematic monitoring, reporting and evaluation of postoperative 

complications across all thoracic surgical procedures performed at the Ottawa Hospital. To 

assess the validity and reproducibility of the modified classification, a 31-item, web-based 

questionnaire was sent to all active members of the Canadian Association of Thoracic 

Surgeons in August 2009. The first part of questionnaire consisted of an introduction to the 

TM&M classification system along with definitions of the severity grades. The second part 

of the questionnaire showed 20 case-based examples along with postoperative adverse events 

to be classified in accordance to the proposed classification system. Lastly, respondents were 

assessed on their personal judgments about the classification system. A statistically 

significant degree of agreement was obtained among the survey respondents which will be 

reported separately.  

The TM&M classification system is complementary to several ongoing, large-scale 

programs designed specifically to measure and improve surgical outcomes (17), such as the 

National Surgical Quality Improvement Program (NSQIP) (18) and the Society for Thoracic 

Surgeons (STS) database (19), which provide hospitals and cardiothoracic surgeons with 

information on their risk-adjusted M&M rates, respectively. These initiatives offer inter-

institutional benchmarking, however, they are less applicable as a continuous quality 
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improvement measure for an individual thoracic surgical program, as understanding and 

improving the delivery of a particular operation may require measures tailored to that 

operation (17), such as proper evaluation of the burden of illness of individual complications 

and subsequent patient impact. Incorporation of a standardized complication grading system, 

such as the TM&M, into large organizational databases would allow identification of areas 

for improvement for surgeons and institutions. It would provide a common denominator for 

the implementation of quality improvement programs to reduce the incidence of 

complications following thoracic surgery. 

By using the TM&M system as a continuous measure of quality, we have now 

embarked on several initiatives to further improve complication rates related to thoracic 

procedures. A comparison was performed at our institution to evaluate postoperative 

outcomes after lobectomy by video-assisted thoracoscopic surgery versus open thoracotomy 

performed on thoracic oncology patients (refer to Appendix D). We further plan to utilize 

this continuous TM&M classification system as a backbone for prospective monitoring of 

essential surgical information, upon which to add additional clinical data collection tools. 

While the use of a reliable and continuous system of evaluation of presence and severity of 

complications after thoracic surgery is necessary, it is not sufficient for a comprehensive 

evaluation of surgical quality. Monitoring of wait times, efficient resource utilization, patient 

experience and satisfaction are all dimensions of surgical care quality improvement. 

We recognize several important limitations to this type of classification system. 

Reported morbidity bears little importance without an understanding of the medical impact 

of that morbidity (20). It is as important to precisely document the complication as it is to 

analyze it and relate it to pre-existing risk factors, intra-operative difficulties, and lack of 

hospital resources. While it is important to recognize the financial implications for prolonged 
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length of stay in the hospital, it is equally important to determine the exact reason for such 

occurrence. Similarly, for all complications seen in the thoracic surgical population, the 

cause must be identified, the severity of the complication assessed and the steps necessary to 

rectify quickly should be undertaken. The attribution of cause of morbidity is an additional 

dimension of morbidity reporting that we have not endeavoured to record systematically, as 

it is based on judgement, and customarily requires peer discussion during M&M 

conferences. Our results indicate that atrial fibrillation and prolonged air leak have a 

different burden in different patients; but risk-adjustment, to account for the different case-

mix was not performed at this time. Thus, future modifications to the TM&M classification 

system are planned, including a measure of the etiology of complications which may be 

useful for attributing cause as knowledge about risk factors is fundamental to compare 

outcomes among risk-adjusted populations.  

Whereas complications may reflect both patient and health care factors, the ability to 

save patients once complications arise is much more closely related to the quality of health 

care (21). A failure to rescue rate may not be correlated with postoperative adverse events, 

but represents a limitation of the TM&M classification system to counter the occurrence and 

progression of complications.  

Indeed, collecting TM&M data is inherently a collegial activity. It requires 

participation of the senior residents on a daily basis, weekly confirmation by attending staff, 

and monthly discussion at M&M conferences. The presence and grade of a complication is 

not always clear, and frank collegial discussion enhances the validity of the data. Our 

experience has been that M&M conferences have greatly been enhanced by improved quality 

of statistical reporting of all complications, while maintaining individual patient case 

presentations. 
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 We conclude that a prospectively collected, standardized classification system for 

accurately identifying and grading thoracic surgical complications in all cases is feasible to 

implement, facilitates objective comparison between surgical procedures and patients, and 

between surgeons and centers, identifies burden of illness of individual complications, and 

thus, provides an effective tool for continuous surgical quality assessment.  
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INTERFACE 

 

The definition of a surgical complication and the classification of its severity is very 

subjective and not transparent. Lists of specific complications, although useful, cannot be 

analyzed in a meaningful way, nor compared across multiple studies or sites. The subsequent 

manuscript is a next step to validate the application of the TM&M classification system 

through a national survey of the members of the Canadian Association of Thoracic Surgeons. 

Using kappa statistics, the degree to which different raters gave consistent grades of the same 

case scenario were assessed. Surgeons were asked to select the most severe grade of 

complication for each case (one choice per case) based on the proposed schema of 

definitions. Personal judgments relating to the TM&M classification system were assessed as 

well.  
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ABSTRACT: 

Background: Minimizing adverse events after surgery is widely recognized as an important 

indicator of quality; yet no consensus has been reached on how to standardize the reporting 

of adverse events following surgical procedures. Our objectives were to develop a 

standardized classification system to monitor both presence and severity of thoracic 

morbidity and mortality, and test its reliability and reproducibility amongst a national cohort 

of thoracic surgeons.  

Methods: To assess the Thoracic Morbidity and Mortality (TM&M) classification system 

(based on the Clavien-Dindo classification of adverse events), a 31-item questionnaire was 

sent to all members of the Canadian Association of Thoracic Surgeons in August 2009, 

consisting of a general description of the TM&M severity grades, 20 case-based questions of 

postoperative adverse events to be classified, and questions regarding personal judgments. 

We derived descriptive and quantitative information using weighted Kappa statistics.  

Results: 52 (54.7%) thoracic surgeons completed the questionnaire; 41 (78.8%) of the 

respondents were affiliated with an academic teaching hospital. A total of 1326 individual 

weighted Kappa statistics were calculated for all distinct pairs of raters, of which 1152 (87%) 

were greater than 0.81, a range which is interpreted as “almost perfect agreement.” A further 

174 (13%) were in the range between 0.61 and 0.8, interpreted as “substantial agreement.” 

All results were statistically significant (p<0.05). The classification system was regarded as 

straightforward (98% of the respondents), reproducible (94%), logical (92%), and useful 

(98%). 

Conclusions: The modified classification system appears to offer objective, reliable and 

reproducible reporting of TM&M, and thus may assist continuous quality improvement in 

thoracic surgery.  
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INTRODUCTION: 

 

 Morbidity and mortality (M&M) rates are frequently used as indicators of quality in 

surgical care (1). Thus, accurate and objective reporting of postoperative M&M is essential 

in order to implement and follow improvements in quality of surgical care (2). Reporting of 

postoperative adverse events has traditionally been accomplished at M&M conferences, and 

through retrospective case series within the surgical literature. Unfortunately, these 

approaches are susceptible to selection bias and have resulted in underreporting (3). To date, 

no consensus has been reached among surgeons on how to quantify presence or severity of 

postoperative adverse events.  

 In 1992, Clavien and colleagues were the first to introduce the idea of severity 

grading of surgical adverse events as a way of assessing the degree of injury caused by that 

event (4). This classification system was modified in 2004 in order to increase its accuracy 

and acceptability in surgical practice and renamed as the Clavien-Dindo classification system 

(5). The principle underlying the Clavien-Dindo classification system assumes the severity of 

an adverse event is proportional to its impact on a patient and the degree of effort to correct 

it. Since its modification, the Clavien-Dindo classification system has been avidly used as a 

tool for quality assessment in surgery, and has broad applicability in clinical practice (6-10). 

To date, however, no attempts have been made to apply the approach of standardizing 

surgical adverse events following thoracic surgery. 

 Therefore, the goals of the current study were to first develop a classification of 

surgical adverse events based on our experience of thoracic morbidity and mortality 

(TM&M) and to assess the acceptability of the classification through peer review and 

questionnaire in a single academic thoracic surgery center (The Ottawa Hospital); and 
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second, to assess the reproducibility and reliability of the classification through a survey of 

all active members of the Canadian Association of Thoracic Surgeons (CATS). We 

hypothesise that a graded classification system for evaluating morbidity and mortality 

following thoracic surgery is an objective, reproducible and practical tool to monitor and 

analyze adverse events.  

 

METHODS: 

Single Center (Internal) Development of the TM&M Classification System  

 The TM&M classification system was developed in a single academic thoracic 

surgery center, the Ottawa Hospital, according to the Clavien-Dindo classification proposed 

in 2004, which grades adverse event on a severity scale between grades I to V based on the 

effort required to treat the event (Table 4.1).  

 

 

Grades I and II include events that deviate from the normal postoperative course but 

require either no intervention or pharmacologic therapy, respectively. A Grade III event 

Table 4.1. Classification of complications following thoracic surgery  

Grade Definition 

Complication Any deviation from the normal post-operative course.  

Minor Grade I Any complication without need for pharmacologic treatment or other intervention. 

Grade II Any complication that requires pharmacological treatment or minor intervention only. 

Major  Grade III Any complication that requires surgical, radiological, and/or endoscopic intervention.  

Grade IIIa Intervention does not require general anaesthesia. 

Grade IIIb  Intervention requires general anaesthesia.  

Grade IV Any complication requiring ICU management and/or life support. 

Grade IVa Any complication leading to single organ dysfunction. 

Grade IVb Any complication leading to multi-organ dysfunction.  

Mortality  Grade V Any complication leading to the death of the patient.  
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requires medical intervention, without general anaesthesia (IIIa), and with general 

anaesthesia (IIIb). Grade IV events are life-threatening and require ICU management due to 

single organ dysfunction (IVa) or multi-organ dysfunction (IVb). Grade V events result in 

death of the patient. For each of the following systems: pulmonary, pleural, cardiac, renal, 

gastrointestinal, neurological and wound, adverse events were defined associated with a 

specific grade (Table 4.2). The Common Terminology Criteria for Adverse Events (CTCAE 

version 3.0) (11) was also used to refine a number of definitions. Specific definitions were 

further refined by peer review and questionnaire, and modified according to potential adverse 

events in patients following thoracic surgery. This was an iterative process that required 

consensus among the five practicing thoracic surgeons, and the two thoracic surgical 

residents, who form a large thoracic oncology program in Ontario.  

 

Table 4.2. Clinical examples of postoperative adverse event based on severity grades  

Grade Organ System Examples 

I Pulmonary  Atelectasis: requiring no intervention other than additional chest physiotherapy 

 Pleural  Effusion:  asymptomatic, no intervention indicated 

 Anastomotic Anastomotic leak: transient, no therapy added 

 Cardiac Atrial fibrillation:  converting after correction of electrolytes 

 Renal Urinary tract infection:  no intervention required other than removal of foley 

 Gastrointestinal  Constipation:  no intervention required 

 Neurological Confusion:  transient, new or  worsened; no intervention required 

 Wound Hematoma:  no intervention required 

II Pulmonary  Atelectasis:  requiring endo-tracheal suctioning 

 Pleural  Effusion:  requiring medical therapy (e.g. diuretics) for CHF and drainage  

 Anastomotic Anastomotic leak:  medical therapy (e.g. antibiotics) added 

 Cardiac Atrial fibrillation:  requiring medications (e.g. beta-blockers) for heart rate control 

 Renal Urinary tract infection:  Requiring medical therapy only (e.g. antibiotics) 

 Gastrointestinal  Constipation: nasogastric intubation, stool softeners, laxatives, dietary modification, or 

enema 

 Neurological Confusion:  requiring medical intervention 

 Wound Hematoma:  transfusion, evacuation or aspiration. Opening of wound at bedside 
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Table 4.2. Clinical examples of postoperative adverse event based on severity grades (continued) 

Grade Organ System Examples 

IIIa Pulmonary  Atelectasis:  endoscopic or radiological intervention, or non-invasive ventilation for < 

24 hrs 

 Pleural  Effusion: endoscopic, radiological or bedside pleural interventions performed 

 Anastomotic Anastomotic leak:  intervention required (opening of wound) 

 Cardiac Atrial fibrillation:  symptomatic, requiring a cardio-version or a device (e.g., 

pacemaker) 

 Renal Urinary tract infection:  endoscopic, radiological or bedside interventions performed 

 Gastrointestinal Constipation:  obstipation with manual  evacuation indicated 

 Neurological Confusion: prolonged hospitalization indicated; danger to self or others 

 Wound Hematoma: interventional radiology indicated 

IIIb Pulmonary  Atelectasis: operative intervention required under general anaesthesia 

 Pleural  Effusion: surgical intervention performed under general anaesthesia 

 Anastomotic Anastomotic leak:  intervention required under general anaesthesia 

 Cardiac Atrial fibrillation:  intervention required under general anaesthesia 

 Renal Urinary tract infection: surgical intervention performed 

 Gastrointestinal  Constipation:  surgical intervention performed under general anaesthesia 

 Neurological Confusion: N/A 

 Wound Hematoma: surgical intervention performed 

IVa Pulmonary  Atelectasis: respiratory compromise requiring intubation and positive pressure 

ventilation 

 Pleural  Effusion: life-threatening; debilitating; organ failure present  

 Anastomotic Anastomotic leak:  leads to single organ failure 

 Cardiac Atrial fibrillation:  single organ failure (e.g. CHF, hypotension, syncope, shock) 

 Renal Urinary tract infection:  life-threatening; debilitating; organ failure present 

 Gastrointestinal  Constipation:  life-threatening consequences (e.g., obstruction, toxic megacolon) 

 Neurological Confusion: N/A 

 Wound Hematoma:  life-threatening consequences; major urgent intervention indicated 
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Multicenter (External) Testing of Reproducibility and Reliability of the TM&M 

Classification System – Survey of the Members of the Canadian Association of Thoracic 

Surgeons  

 The Canadian Association of Thoracic Surgeons (CATS) was approached for a multi-

center evaluation of the TM&M classification system. The membership of CATS includes 

full-time practitioners of general (non-cardiac) thoracic surgery, along with qualified general 

and cardiovascular surgeons whose practice includes more than 50% thoracic surgery (12).  

 To assess the reproducibility and reliability of the modified classification, an 

electronic questionnaire was designed with 31-items (refer to Appendix E). The CATS 

master file, provided by the executive committee, was used in developing a mailing list of 

the target surgeons. This list was based on data collected from individual members and 

included all thoracic surgeons with a valid e-mail address. An initial email was sent with a 

link to the survey at the start of August 2009, and 3 reminder emails were sent each week 

thereafter. Eligible candidates, who did not have valid email addresses, were sent a 

questionnaire package by postal service. The questionnaire was estimated to take less than 15 

Table 4.2. Clinical examples of postoperative adverse event based on severity grades (continued) 

Grade Organ System Examples 

IVb Pulmonary  Atelectasis:  concomitant multiorgan complications 

 Pleural  Effusion: concomitant multiorgan complications 

 Anastomotic Anastomotic leak: leads to multiple organ failure 

 Cardiac Atrial fibrillation: concomitant multiorgan complications 

 Renal Urinary tract infection: concomitant multiorgan complications 

 Gastrointestinal  Constipation:  concomitant multiorgan complications 

 Neurological Confusion: N/A 

 Wound Hematoma:  concomitant multiorgan complications 
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minutes to complete. The Ottawa Hospital Research Ethics Board approved this study (Refer 

to Appendix A). As a token of gratitude, each survey respondent received a $10 gift 

certificate to any Tim Horton's coffee shop across Canada. The questionnaire consisted of 

three parts including: i) an information sheet with the TM&M classification system along 

with definitions of the severity grades; ii) 20 case-based questions asking respondents to 

classify postoperative adverse events in accordance to the proposed classification system 

(Table 4.3 shows several case examples placed in order from lowest to highest grade of 

severity); and iii) questions regarding personal judgments about the classification system. In 

the second part of the questionnaire, the 20 case-based scenarios were placed randomly with 

regards to their complication grade. The 20 case scenarios were chosen to have an even 

representation of minor (Grades I – II) and major case examples (Grades IIIa – V).  

Respondents were asked to choose the most severe grade of complication for each case (one 

choice per case). A pilot study was performed using the survey with five thoracic surgeons 

and two thoracic surgical residents at the Ottawa Hospital prior to mailing. At the time the 

survey was conducted, CATS had a total of 95 members.  
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Statistical Analysis  

 All survey data collected was carefully entered using quality control and verification 

measures into a secure database. Replies were kept anonymous. Weighted kappa statistics 

were calculated to assess the inter-rater reliability among the survey respondents. For each 

inter-rater comparison, calculations were performed to establish the proportion of observed 

agreement (Po), the proportion of expected agreement (Pe), and the kappa value. A 

Table 4.3. Examples of clinical cases and their respective severity grades   

Grade Clinical Case 

I 

A RUL lobectomy was performed on a 54-year-old patient for lung cancer, the 

patient developed a prolonged air leak but required no further intervention beside 

observation. 

II 

A 47-year-old patient suffered from atrial fibrillation on the second day 

following pneumonectomy for malignant mesothelioma. IV Metaprolol and 

Digoxin were given, the patient reverted to sinus rhythm. 

IIIa 

A 22-year-old patient underwent VATS bullectomy and pleurectomy for 

recurrent spontaneous pneumothorax. The patient suffered from prolonged air 

leak and persistent pneumothorax, which was treated by insertion of another 

chest tube. 

IIIb 

An 84-year-old patient underwent total thyrodectomy for a retrosternal goiter. 

The patient developed stridor and hypoxia. An immediate operation was done to 

evacuate the hematoma and control the bleeding. 

IVa 

A 69-year-old patient suffered from ARDS following right lower lobectomy for 

NSCLC. The patient was transferred to ICU and required intubation for 2 weeks, 

eventually the patient recovered and was extubated. 

IVb 

An esophagectomy and gastric pull up was performed on a 50-year-old patient. 

On day 8, the patient showed signs and symptoms of sepsis and anastomotic 

leak. The patient was taken to the OR for drainage and lavage. Thereafter, the 

patient was transferred to ICU, where he developed ARDS and acute renal 

failure which required dialysis. Eventually the patient recovered. 

V 

A 62-year-old patient underwent a redo fundoplication for recurrent hiatal 

hernia. The patient developed a massive pulmonary embolism, which was treated 

with TPA. The patient was transferred to ICU where he died following a cardiac 

arrest. 
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distribution of kappa scores was calculated for the five grades. This score yielded a weighted 

calculation of all of the paired kappa scores for each case scenario and was used to indicate 

general agreement among the surgeons. The same calculation was applied for the minor and 

major case scenarios.  The level of agreement among the raters was evaluated using the 

system put forth by Landis and Koch, 1977 (13), in which a kappa value of 0.21 to 0.4 

reflects fair agreement, a value of 0.41 to 0.60 reflects moderate agreement, a value of 0.61 

to 0.80 reflects substantial agreement, and a value of 0.81 or more reflects almost perfect 

agreement. Data were analyzed using R statistical software. 

 

RESULTS:  

Response Rate  

 From the 95 members, 52 surveys were completed (54.7%) within the designated 

timeframe permitted for response, which was 4 weeks. The majority of respondents were 

affiliated with a university teaching hospital (78.8%, n = 41) and practised in Ontario 

(32.7%, n = 17) or Quebec (15.4%, n = 8). Ontario and Quebec are the most densely 

populated provinces in Canada with populations of approximately 12.2 million and 7.6 

million, respectively. In terms of geographical distribution, the characteristics of the sample 

were representative of the whole. Of the 52 completed surveys, 8 (15.4%) were completed by 

members practicing outside of Canada. Most surgeons had been in practice for less than 10 

years (51.0%, n = 26). Fifty-one respondents (98.1%) indicated that they were a full-time 

staff member at their institution, one resident completed the survey.  
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Inter-rater Agreement 

 The weighted Kappa statistic assesses agreement between two raters on an ordered 

scale. With 52 raters, a total of 1326 individual weighted Kappa statistics were calculated for 

all distinct pairs of raters (Table 4.4). Of those 1326 weighted Kappa statistics, 1152 (87.0%) 

were greater than 0.81, a range which is interpreted as “almost perfect agreement.” 

Furthermore, 173 (13.0%) were in the range between 0.61 and 0.8, interpreted as “substantial 

agreement.” Thus, all of the statistics indicated at least substantial agreement. All results 

were statistically significant (p < 0.05) indicating that we should reject the null hypothesis 

that the ratings are independent (i.e. kappa = 0) and accept the alternative that agreement is 

better than one would expect by chance. 

 

Table 4.4. Inter-rater agreement  

Range/Agreement 
Overall Agreement Minor Complications Major Complications 

n % n % n % 

0.81 to 1.0/Almost perfect 1152 87.0 428 32.2 992 74.8 

0.61 to 0.8/Substantial  174 13.0 455 34.3 265 20.0 

0.41 to 0.6/Moderate 0 0 265 20.1 47 3.5 

0.21 to 0.4/Fair 0 0 178 13.4 22 1.7 

Total 1326 100 1326 100 1326 100 

All results were statistically significant (p < 0.05). 

 

 The level of inter-rater agreement was also calculated among minor and major 

clinical case examples. A factor that has to be considered in the interpretation of kappa 

coefficients is the number of categories (14). For the minor clinical case examples (grades I 

and II), a total of 428 (32.2%) individual weighted Kappa statistics were greater than 0.81. A 

further 455 (34.3%) individual weighted Kappa statistics were in the range between 0.61 and 

0.8; and 265 (20.0%) in the range between 0.41 and 0.6 which is a range interpreted as 
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“moderate agreement.” The remaining 178 (13.4%) individual weighted Kappa statistics 

were in the range between 0.21 and 0.4 which is a range interpreted as “fair agreement.”  

A more pronounced increase of kappa coefficients was observed with increasing 

numbers of categories. Thus, for the clinical case examples with major complications (grades 

IIIa, IIIb, IVa, IVb and V), a total of 992 (74.8%) individual weighted Kappa statistics were 

greater than 0.81. A further 265 (20.0%) individual weighted Kappa statistics were in the 

range between 0.61 and 0.8; and 47 (3.5%) in the range between 0.41 and 0.6. The remaining 

22 (1.7%) individual weighted Kappa statistics were in the range between 0.21 and 0.4.  

Personal Judgments   

 Respondents were asked to agree or disagree with several statements regarding their 

personal judgments of the TM&M classification system. Of the 52 respondents, 49 (98.0%) 

considered the TM&M classification system as straightforward to understand. A total of 48 

respondents (94.1%) considered the TM&M classification system as reproducible; that is, 

different surgeons would tend to agree on the classification of individual patient events.  A 

total 47 respondents (92.2%) considered the TM&M classification system as logical; that is, 

it accurately reflects level of severity of adverse events. Lastly, 50 respondents (98.0%) 

consider the TM&M classification system useful in their patients; that is, it will be helpful to 

evaluate both presence and severity of surgical adverse events.  

 

COMMENT: 

 In the surgical community, M&M rates have been established as critical outcome 

measures and indicators of quality (2). However, conflicting approaches of reporting 

postoperative adverse events make the use of these rates unreliable for quality assessment. In 

addition, the absence of standardized definitions and a generally accepted classification 
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scheme to grade surgical adverse events has further hindered appropriate evaluation of 

surgical outcome data (15). Specifically, expressions such as minor, moderate, major, or 

severe have been inconsistently applied by surgeons and medical institutions to classify 

surgical adverse events (16). An objective system for monitoring and accurately reporting 

postoperative adverse events is fundamental in order to advance performance in thoracic 

surgery and collect reliable data for benchmarking. 

 To test the reproducibility of the TM&M classification system, clinical case examples 

were created by the thoracic oncology team at the Ottawa Hospital and sent to all members 

of the Canadian Association of Thoracic Surgeons. The consistency of a surgeons‟ rating is 

an important consideration in outcome assessment. These ratings often fall on an ordinal 

scale, making the kappa coefficient an appropriate measure of reliability for such data (14). 

A high level of agreement was calculated among the 52 survey respondents for the 20 case 

scenarios, indicating that the TM&M classification system is consistent among surgeons‟ 

opinion and can be applied to multifaceted case examples. One explanation for the lower 

proportion rate of Kappa scores among the minor case scenerios (i.e. grades I and II) can be 

attributed to the number of categories. The proportion of kappa statistics that were greater 

than 0.81 was lower when two categories were presented, as agreement by chance was more 

likely among the raters. A more pronounced increase of kappa coefficients was observed 

among the major case scenarios (i.e. grades IIIa, IIIb, IVa, IVb, and V) due to increasing 

numbers of categories. As the number of categories increased, the likelihood of agreement by 

chance was reduced among the raters. The increase of kappa coefficients with the number of 

categories is a preferred outcome, since as the number of categories increases, so does the 

proportion of the variability in the true variable captured by the imperfect ordinal variable 

(17). Through the application of severity grades, the TM&M classification system has 
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provided standardized measures for discriminating what may represent a minor as opposed to 

major adverse event following thoracic surgery.  

 The presented results demonstrate that the TM&M classification system can be 

utilized in its current state for use in clinical research and for quality improvement. Since 

initiating the TM&M classification system in January 2008 at the Ottawa Hospital, daily data 

collection of M&M has been carried out by a senior thoracic surgical resident and the 

thoracic surgery research coordinator using the TM&M form (refer to Appendix B). Weekly 

lists of operative procedures along with related adverse events are compiled and further 

validated by all attending staff present. Complications are then presented and discussed at 

monthly M&M conferences – allowing for regular and active reporting of adverse events. A 

secure database for adverse event reporting was developed and has since been used to 

compare surgical procedures and subgroups of patients, allowing us to evaluate the 

feasibility of the system over the first two years of its implementation at the Ottawa Hospital 

(18). The TM&M classification system advocates for a practice of continuous quality 

improvement, advances the development of quality improvement programs, can be used to 

improve the quality of retrospective studies (as it does not rely on the original surgeon to 

grade the adverse event as such), and facilitates an open forum for ongoing medical 

education on surgical quality assurance. Moreover, our 2-year experience indicates that the 

TM&M classification system is feasible, facilitates objective comparison, accurately 

identifies burden of illness of individual adverse events, and provides an effective method for 

continuous surgical quality assessment (18).   

 There are many other potential applications of this system. For example, video-

assisted thoracic surgery (VATS) is a relatively new technology that has become the standard 

of care for minimally invasive thoracic procedures. However, controversy surrounds the 
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safety, reproducibility, and oncologic efficacy of VATS lobectomy (19). Awareness of this 

controversy inspired us to initiate a comparison between VATS and open lobectomy 

procedures at our institution. The TM&M classification system was utilized for reporting the 

difference in presence, severity and types of postoperative morbidity in patients undergoing 

VATS versus open lobectomy (20) (refer to Appendix D). 

 We further plan to utilize this continuous TM&M classification and reporting system 

as a backbone for prospective monitoring of essential surgical information, upon which to 

add additional clinical data collection tools. The TM&M classification system provides a 

strong base with which we can build a system to continuously monitor and improve the 

overall quality of thoracic surgical care. Expanding the TM&M classification system to 

include clinical data on all time points on the continuum of care, starting with patient referral 

to at least a two year follow-up post surgery, would help improve continuous assurance of 

care. A reduction in adverse events and death can be achieved by the exchange of 

information and analysis of morbidity and mortality between hospitals (21). Additionally, 

standardized collection and electronic storage of patient information can provide a dataset to 

enable prospective clinical research (22).  

 Other future refinements to the TM&M classification system are planned, including a 

measure of the etiology of surgical adverse events and determination of whether the event 

was preventable. Additionally, patients with prolonged hospital stay and those who are 

readmitted to the hospital form a small proportion
 
of thoracic patients at our institution, and 

may highlight quality of care problems. To monitor and further our understanding of those 

patients who are readmitted to the hospital, the TM&M classification system can be made 

capable of linking hospital re-admissions and eventually, hospital re-admissions with out-of-

hospital services as well (23).  
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 We recognize important limitations of the use of a survey instrument for evaluating 

the reproducibility of the proposed system. Our overall response rate was 54.7%. As such, it 

is possible that our group of respondents was not representative of thoracic surgeons as a 

whole. While the use of a reliable and continuous system of evaluation of presence and 

severity of adverse events after thoracic surgery is necessary, it is not sufficient for a 

comprehensive evaluation of surgical quality. Monitoring of wait times, efficient resource 

utilization, patient experience and satisfaction are all dimensions of surgical care quality 

improvement.  

We conclude that the TM&M classification system appears reliable, reproducible and 

may represent a feasible tool for quality evaluation in surgery. The objective evaluation of 

both the presence and severity of TM&M and the prospective monitoring of thoracic surgical 

volume represents an important means of standardizing evaluation of outcomes, enabling 

comparison between centers and surgeons, and represents a crucial component to ensuring 

best practice of care. We hope that utilization of this system in future studies can enable 

improvements in thoracic surgical quality.   

Web-Archive: 

The Ottawa TM&M system is freely available online and can be found at the 

following website: https://sites.google.com/site/ottawatmmtool/home. This web-archive 

includes the definitions of all the complications according to grade and to the affected 

system. A copy of the survey can be found as well.  

 

https://sites.google.com/site/ottawatmmtool/home
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INTERFACE 

 

The subsequent manuscript assesses the degree of involvement and participation in 

thoracic surgical research as well as surgical quality improvement conducted across 

Canadian institutions through a membership survey of the Canadian Association of Thoracic 

Surgeons. Questions focused on clinical research programs and research activity, research 

funding, database use and interest, and other methods of quality monitoring.  

The ideas presented in the following study provide a complementary component to 

the TM&M classification system and to continuous quality improvement in thoracic surgery. 

Moreover, the future of surgical quality assessment is envisioned through the development of 

a national, multihospital thoracic surgery database. Multihospital databases have the 

potential to improve practice effectiveness, standardize surgical outcomes, enable inter-

institutional comparison, and promote research in the thoracic surgical speciality. The 

following manuscript builds upon these principles, providing useful statistics and feedback 

regarding measures of quality and efficiency of thoracic surgical care across Canadian 

institutions.  
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ABSTRACT: 

Objectives: Assessing the degree of involvement and participation in thoracic surgical 

research as well as surgical quality improvement conducted across Canadian institutions is 

difficult as there exists no common data collection system and no prior studies. As a pilot 

investigation, we designed and conducted a membership survey of the Canadian Association 

of Thoracic Surgeons (CATS) to evaluate the extent of participation in research and quality 

improvement processes among thoracic surgeons.  

Design, Setting, and Participants: A 45-item needs assessment survey was sent to all 

national members of CATS (n = 86) in August 2009. Questions primarily focused on clinical 

research programs and research activity, research funding, database use and interest, and 

other methods of quality monitoring.  

Results: The 49 completed surveys represented a 57.0% response rate from surgeons at 28 

institutions across Canada. Research in basic and clinical science is conducted by 17.0% and 

80.9% of the respondents, respectively. The annual budget of research funds is most 

commonly between $5,000 to $50,000. 72.0% (n = 18) of institutions do not have a formal 

surgery quality assessment program and 92.3% (n = 24) do not participate in a national or 

international thoracic surgery database. Ten institutions (38.6%) have local thoracic surgery 

database for quality monitoring. Other systems of monitoring surgical quality include formal 

morbidity and mortality rounds (69.2%; n = 18 institutions), formal evaluation of surgical 

wait times (73.1%; n = 19 institutions), and patient satisfaction surveys (71.4%; n = 10 

institutions). 97.8% of surgeons would be willing to share data on morbidity and mortality 

with other centers, and 73.1% have a high or very high level of interest in participating in a 

national thoracic surgery quality database.  
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Conclusions: A high level of interest and participation exists in thoracic surgery research. 

However, more robust quality improvement processes are needed for thoracic surgical 

oncology services. A national thoracic surgery quality improvement database offers a 

potential means to improve practice effectiveness, standardize surgical outcomes, and 

promote thoracic research across Canada. 
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INTRODUCTION:  

Surgical practice is characterized by a strong culture of quality assurance and 

improvement. In surgery, quality assurance is defined as: the process whereby the profession 

ensures that standards of medical care are upheld and raised when necessary.
1
 Quality 

assurance has been at the forefront for surgeons in all specialties and to this day it remains a 

primary objective of their professional careers.
1
 Surgeons have advanced a highly refined 

system of sustaining and improving the quality of their practice - this is achieved through 

formal morbidity and mortality (M&M) conferences, where open collegial discussion not 

only helps to facilitate the improvement of surgical outcomes but also enhances surgical 

education of trainees. Furthermore, surgeons are required to attend conferences and self-

study projects in order to maintain competency. This is to meet the standards defined by the 

Royal College of Physicians and Surgeons of Canada.
1
 

It is increasingly important to monitor and compare the quality of health care delivery 

among different institutions. In the United States, a number of state and federal programs 

have been implemented to explicitly monitor and improve thoracic surgical outcomes. The 

National Surgical Quality Improvement Program (NSQIP)
2
 of the Department of Veterans 

Affairs and the Society of Thoracic Surgeons (STS)
3
 database are two examples of initiatives 

that provide hospitals and thoracic surgeons with information on risk-adjusted M&M rates 

from cardiothoracic surgical practices nationwide. This aggregate information provides a 

national standard to benchmark individual results and promote quality improvement.
3
 

NSQUIP and STS databases provide the next level of quality improvement programs – 

enabling standardization and inter-institutional comparison. M&M conferences help an 

individual surgeon and a division, whereas the larger initiatives represent a broader, 

collective means to enhance quality.  
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Thoracic surgery is one of the smallest subspecialty groups in all Canadian surgery 

(Schieman, 2010)
4
 and is largely performed in high volume academic centers, where 

specialized care is required to manage complex diseases. Accordingly, the lack of a common 

data collection system in Canada is the very reason for the little information available to 

determine the full scope of thoracic surgical research, the resources and funding required for 

it, and programs designed for thoracic surgical quality improvement. There is a need for 

quality initiatives relating to thoracic oncology services, both benign and malignant, in order 

to improve surgical outcomes and improve efficiency of care.
5
 Increased volumes of thoracic 

surgery are expected in Canada in the near future due to a growing and aging population, and 

the rapidly rising cost of medical care, further accentuate this imperative.   

In a pilot investigation, to better understand the current state of Canadian thoracic 

surgical research and initiatives aimed at quality improvement, a needs assessment survey 

was designed and sent to all national members of the Canadian Association of Thoracic 

Surgeons (CATS) in August 2009. 

METHODS: 

Survey Instrument  

 A 10-page, web-based needs assessment survey, was developed by the division of 

thoracic surgery at the Ottawa Hospital. http://surveymonkey.com (Portland, Oregon) was 

used to create the web-based questionnaire. Questions primarily focused on clinical research 

programs and quality monitoring in thoracic surgery. Several questions were also asked 

relating to thoracic surgical manpower and thoracic surgical volumes. All survey items were 

self-reported. Survey items contained: 1) open-ended responses; 2) Likert-type formats (5-

point scales); and 3) dichotomous yes/no responses. The survey instrument could be 

completed without reference to any other source material, but respondents were able to refer 

http://surveymonkey.com/
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to their own institutional databases as necessary to ensure accuracy of case numbers required 

for some questions. The Ottawa Hospital Research Ethics Board approved this study 

(Appendix A).    

Study Population and Survey Administration  

 The membership of CATS includes full-time practitioners of general (non-cardiac) 

thoracic surgery, along with qualified general and cardiovascular surgeons whose practice 

includes more than 50% thoracic surgery.
6
 This study involved a survey of all active 

members of CATS practicing in Canada; thus, a total of 86 surveys were mailed in August 

2009. Nine international members were excluded from the study in order to have the 

appropriate and applicable group survey answers for specific questions. The CATS master 

file, provided by the executive committee, was used in developing a mailing list of the target 

surgeons.  

An initial email was sent with a link to the survey at the start of August 2009, and 

three reminder emails were sent each week thereafter. Eligible CATS members, who did not 

have valid email addresses, were sent a survey package by postal service. As a token of 

gratitude, each survey respondent received a $10 gift certificate to any Tim Horton's coffee 

shop across Canada.  

Statistical Analysis  

 All survey data collected were carefully entered using quality control and verification 

measures into a secure database. Partially completed surveys were included in the statistical 

analysis and proportional data were analyzed with regards to the number of respondents who 

answered a particular question. The primary data analysis consisted of descriptive statistics, 

including the calculation of frequencies, means, and standard deviations using SAS 9.2 

software (SAS Inc., Cary, NC). Only data that had actually been entered onto the survey 
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instrument by respondents who were actively engaged in the practice of thoracic surgery 

were extracted and analyzed. No information from other sources was considered.  

RESULTS: 

Response Rate and Demographics 

 From the 86 national members, 49 surveys were returned completed (57.0%) within 

the time frame permitted for response, which was 4 weeks. The 49 surveys cited 28 

participating centers. Individual questions varied in the number of responses. Of the 86 

national CATS members, 27 (31.4%) are also members of the STS. 

Thoracic Surgical Manpower Available for Research  

 In all surgical specialties, including thoracic surgery, an adequate number of 

practicing surgeons is necessary to meet the needs of the patient population, and an objective 

evaluation of manpower plays an essential role in strategic planning and surgical quality 

assessment.
6
 Survey results indicate that 3 (±1; range 1 – 6) is the average number of full-

time thoracic surgeons at each institution that provide perioperative care (Table 5.1). Eight 

institutions (28.6%) have a residency training program, five institutions (20.0%) have a 

formal residency research program – implying that residents are required to complete at least 

one project before completion of residency, and 10 institutions (47.6%) require their 

residents to perform research at some point during their residency (Table 5.1).  
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Table 5.1. Survey questions relating to thoracic surgical manpower 

Survey Item Mean or Frequency 

Thoracic Surgical Manpower 
Total 

Respondents (%) 

Total 

Institutions (%) 

1. What is the number of full-time thoracic surgery 

staff members at your institution?  
N/A* 3±1 

2. Do you have a residency training program? 
N/A 

28 

Yes  8 (28.6) 

3. If you have a residency training program, how 

many thoracic surgery residents are at your 

institution? 

N/A 

8 

1 resident per year 1 (12.5) 

1 resident every two years 6 (75.0) 

2 residents per year 1 (12.5) 

Other  0 (0) 

4. Do you have a formal residency research program? 
N/A 

25 

Yes  5 (20.0) 

5. Are your residents required to perform research at 

some point during their residency? N/A 
21 

Yes  10 (47.6) 

*Not applicable  

 

Clinical Research Programs and Research Activity  

Twenty-one institutions (75.0%) are directly involved in research. The average 

number of active research studies per institution is between one to five studies (n = 17; 

63.0%) (Table 5.2). More specifically, eight respondents (17.0%) personally participate in 

basic science research, 23 respondents (47.9%) participate in tumour banking, and 38 

respondents (80.9%) personally participate in clinical research, of which: 35 respondents 

(92.1%) participate in retrospective chart reviews, 25 respondents (65.8%) participate in 

prospective observational studies, and 25 respondents (65.8%) participate in randomized 

control trials (Table 5.2). Areas of expertise or strong interest in clinical research include 

minimally invasive surgery, critical care medicine, quality of care, and clinical  
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Table 5.2. Survey questions relating to clinical research programs  

Survey Item Mean or Frequency 

Clinical Research Programs  
Total  

Respondents (%) 

Total 

Institutions (%) 

1. Are you directly involved in research? 49 28 

Yes 37 (75.5) 21 (75.0) 

2. If you answered yes to the above question, please check all that apply: 37 

N/A* 

Principal investigator 22 (59.5) 

Co-investigator 19 (51.4) 

Collaborator 26 (70.3) 

Participant  18 (48.6) 

Other 2 (5.4) 

3. Do you have a thoracic surgery research director? 48 
N/A 

Yes 18 (37.5) 

4. Are you currently a thoracic surgery research director? 48 
N/A 

Yes 4 (8.3) 

5. Do you have a clinical research coordinator? 49 
N/A 

Yes 23 (46.9) 

6. If yes, what is their contract? 24 

N/A 

0.2 FTE (1 day per week) 3 (12.5) 

0.4 FTE (2 day per week) 2 (8.3) 

0.6 FTE (3 day per week) 4 (16.7) 

0.8 FTE (4 day per week) 2 (8.3) 

1.0 FTE (5 day per week) 13 (54.2) 

7. Do you personally participate in basic science research? 47 
N/A 

Yes 8 (17.0) 

8. If you answered yes to the above question, please check all that apply: 8 

N/A 

Molecular biology, genomics 2 (25.0) 

Intracellular pathways, signalling, proteomics 3 (37.5) 

Cell cultures 3 (37.5) 

Animal models  4 (50.0) 

Human tissue  6 (75.0) 

Other  2 (25.0) 

9. Do you participate in tumour banking? 48 
N/A 

Yes 23 (47.9) 

10. Do you personally participate in clinical research? 47 
N/A 

Yes 38 (80.9) 

11. If you answered yes to the above questions, please check all that apply. 38 

N/A 

Retrospective chart reviews 35 (92.1) 

Prospective observational studies 25 (65.8) 

Randomized control trials  25 (65.8) 

Other  0 (0) 

12. What is the average number of active research studies that are ongoing at 

your centre in a given year? 

N/A* 

27 

0 studies 4 (14.8) 

1 – 5 studies 17 (63.0) 

6 – to studies 2 (7.4) 

11 – 20 studies 2 (7.4) 

> 20  2 (7.4) 

13. What percentage of research studies have the principal investigator that is an 

attending thoracic surgeon at your institution? 

N/A 

24 

< 25% 19 (79.2) 

25 – 50% 2 (8.3) 

50 – 75%  1 (4.2) 

> 75% 2 (8.3) 

*Not applicable 
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epidemiological research. Areas of expertise or strong interest in basic science research 

include clinical trials in lung cancer, lung cancer genomics, and regenerative medicine.  

Funding Opportunities  

 Survey results indicate that 17 institutions (63.0%) have research accounts with funds 

that are available to support existing or potential research projects (Table 5.3). Sources of 

research funds are equally received from grants, department, and industry. The annual budget 

of research funds is between $5,000 to $50,000 at most institutions (70.6%; n = 12) (Table 

5.3).  

Table 5.3. Survey questions relating to funding opportunities 

Survey Item Survey Item 

Funding Opportunities 
Total 

Respondents (%) 

Total 

Institutions (%) 

1. Are there research accounts with funds available to 

support existing or potential research projects at your 

institution? 
N/A* 

27 

Yes 17 (63.0) 

2. What is the source of these research funds (check all 

that apply)? 

N/A 

21 

Grants 10 (47.6) 

Department  10 (47.6) 

Industry  10 (47.6) 

Other  7 (33.3) 

3. What is the annual budget of your research accounts? 

N/A 

17 

Up to $5,000 2 (11.8) 

$5,000 – $50,000 12 (70.6) 

$50,000 – $100,000  3 (17.6) 

$100,000 to $500,000 0 (0) 

> $500,000 0 (0) 

*Not applicable  

 

Database Use and Interest   

 The CATS membership survey revealed that of the 21 (75.0%) institutions that are 

directly involved in research, 10 (38.5%) have a local thoracic surgery database (Table 5.4). 

Surgeons from 20 institutions (76.9%) expressed a high or very high interest in initiating or 
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improving their local thoracic surgical database. The majority of institutions do not 

participate in a national or international thoracic surgery database (92.3%; n = 24). However, 

19 institutions (73.1%) have a high or very high level of interest in participating in a national 

thoracic surgery database. Similarly, 17 institutions (65.4%) have a high or very high level of 

interest in initiating or improving on a national thoracic surgery database (Table 5.4).  

Quality Monitoring  

 Survey results revealed that the majority of institutions (73.1%; n = 19) do not have a 

formal surgery quality assessment program, but do however monitor M&M regularly 

(69.2%; n = 18), and would be willing to share data on M&M with other centers (100.0%; n 

= 26) (Table 5.4). Evaluation of thoracic M&M takes place through monthly conferences at 

some institutions (42.3%; n = 11). Retrospective evaluation of morbidity on selected patient 

populations is performed at 17 institutions (65.4%) (Table 5.4). 

 To better comprehend the burden of illness on the delivery of thoracic surgical 

oncology services, surgeons were asked about wait time monitoring. Survey results revealed 

that 19 institutions (73.1%) have a formal evaluation of surgical wait times. Specifically, 

regular feedback regarding wait times is received at 18 institutions (72.0%) (Table 5.4). 

Monthly and quarterly conferences indicate the frequency of regular feedback regarding 

surgical wait times at most institutions (88.9%; n = 16) (Table 5.4).  
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Table 5.4. Survey questions relating to database use and interest and quality monitoring  

Survey Item Mean or Frequency 

Quality Monitoring  
Total  

Respondents (%) 

Total 

Institutions (%) 

1. Do you have your own local thoracic surgery database? 47 26 

Yes 22 (46.8) 10 (38.5) 

2. Rate your level of interest in initiating or improving your local thoracic 

surgical database. 
47 26 

Very low 1 (2.1) 1 (3.8) 

Low 0 (0) 0 (0) 

Neutral  8 (17.0) 5 (19.2) 

High 23 (48.9) 12 (46.2) 

Very high  15 (31.9) 8 (30.8) 

3. Do you participate in a national or international thoracic surgery database? 47 26 

Yes 2 (4.3) 2 (7.7) 

4. Rate your level of interest in initiating or improving on a national thoracic 

surgery database. 
46 26 

Very low 0 (0) 0 (0) 

Low 5 (10.9) 2 (7.7) 

Neutral  10 (21.7) 7 (26.9) 

High 16 (34.8) 8 (30.8) 

Very high  15 (32.6) 9 (34.6) 

5. Rate your level of interest in participating in a national thoracic surgery 

database.  
47 26 

Very low 0 (0) 0 (0) 

Low 1 (2.1) 1 (3.8) 

Neutral  10 (21.3) 6 (23.1) 

High 21 (44.7) 10 (38.5) 

Very high  15 (31.9) 9 (34.6) 

6. Do you have a formal surgery quality assessment program? 46 25 

Yes 18 (39.1) 7 (28.0) 

7. Do you monitor morbidity and mortality (M&M) regularly?  47 26 

Yes 36 (76.6) 18 (69.2) 

8. Please rate the frequency of the evaluation of thoracic surgery morbidity 

and mortality (M&M) at your institution.  
47 26 

Weekly  4 (8.5) 2 (7.7) 

Monthly  24 (51.1) 11 (42.3) 

Quarterly  9 (19.1) 5 (19.2) 

Infrequently  9 (19.1) 7 (26.9) 

Never  1 (2.1) 1 (3.8) 

9. Would you be willing to share data on M&M with other centers? 46 26 

Yes 45 (97.8) 26 (100) 

10. Do you perform retrospective evaluation of morbidity on selected patient 

populations? 
47 26 

Yes 34 (72.3) 17 (65.4) 

11. Is there a formal evaluation of surgical wait times at your institution? 47 26 

Yes 36 (76.6) 19 (73.1) 

12. Do you receive regular feedback regarding wait times?  47 25 

Yes 35 (74.5) 18 (72.0) 

13. If yes, how often? 35 18 

Monthly  14 (40.0) 8 (44.4) 

Quarterly  17 (48.6) 8 (44.4) 

Biannually 1 (2.9) 1 (5.6) 

Annually  1 (2.9) 0 (0) 

Other  2 (5.7) 1 (5.6) 

14. Are there other systems of monitoring surgical quality? (Check all that 

apply) 
23 14 

NSQIP 8 (34.8) 7 (50.0) 

Patient satisfaction surveys 17 (73.9) 10 (71.4) 

Other 6 (26.1) 3 (21.4) 
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Provision of Thoracic Surgical Oncology Services  

 Surgical quality is closely tied to the volume of thoracic surgical procedures 

performed at an institution. Study results indicate that 183 (±127.4; range 40 – 600) is the 

average number of anatomic pulmonary resections performed at each institution per year, 

and 25 (±16.1; range 0 – 50) is the average number of esophagectomies performed at each 

institution per year, across Canada (Table 5.5).  

Minimally invasive thoracic surgery is available and used at 25 institutions (96.2%). 

Survey results reveal that up to 50% of lobectomies are performed via video-assisted 

thoracoscopic surgery (73.1%; n = 19 institutions). Similarly, 25-50% of paraesophageal 

hernias are repaired via laparoscopy (37.5%; n = 9 institutions) (Table 5.5).  
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Table 5.5. Survey questions relating to provision of thoracic surgical oncology services  

Survey Item Mean or Frequency 

Provision of Thoracic Surgical Oncology Services  
Total 

Respondents (%) 

Total 

Institutions (%) 

1. Indicate the average number of anatomic pulmonary 

resections performed at your institution per year. 
N/A* 183± 127.4 

2. Indicate the average number of esophagectomies 

performed at your institution per year.  
N/A 25±16.1 

3. Indicate the average number of OR days available to 

your thoracic surgery division per week. 
N/A 4±1.5 

4. Is minimally invasive thoracic surgery performed at your 

institution? 
47 26 

Yes 46 (97.9) 25 (96.2) 

5. What is the percentage of lobectomies done by video-

assisted thorascopic surgery? 
47 26 

< 25% 18 (38.3) 12 (46.2) 

25 – 50% 19 (40.4) 7 (26.9) 

50 – 75% 5 (10.6) 4 (15.4) 

> 75% 5 (10.6) 3 (11.5) 

6. What is the percentage of paraesophageal hernias 

repaired via laparoscopy? 
46 24 

< 25% 11 (23.9) 7 (29.2) 

25 – 50% 18 (39.1) 9 (37.5) 

50 – 75% 5 (10.9) 0 (0) 

> 75% 12 (26.1) 8 (33.3) 

7. Which of the following do you perform routinely in the 

staging of lung cancer? (Check all that apply) 
47 26 

CT scan chest and abdomen 47 (100) 26 (100) 

Mediastinoscopy  34 (72.3) 18 (69.2) 

PET/CT 29 (61.7) 18 (61.5) 

MRI of the brain 9 (19.1) 5 (19.2) 

CT head 25 (53.2) 11 (42.3) 

EBUS (Endobronchial Ultrasound) 10 (21.3) 5 (19.2) 

EUS (Esophageal Ultrasound ) 3 (6.4) 2 (7.7) 

8. Which of the following do you perform routinely in the 

staging of esophageal cancer? (Check all that apply) 
46 25 

CT scan chest and abdomen 46 (100) 25 (100) 

Mediastinoscopy  0 (0) 0 (4.0) 

PET/CT 29 (63.0) 17 (68.0) 

MRI of the brain 0 (0) 0 (0) 

CT head 18 (39.1) 9 (36.0) 

EBUS (Endobronchial Ultrasound) 3 (6.5) 2 (8.0) 

EUS (Esophageal Ultrasound ) 18 (39.1) 12 (48.0) 

*Not applicable  



80 

 

DISCUSSION: 

 This is the first study of this nature that has concentrated exclusively on the need for 

research and quality assessment of a contemporary workforce in the specialty of thoracic 

surgery. To evaluate clinical research and funding, and methods of quality assessment, we 

designed a comprehensive, web-based survey and sent it to a national thoracic surgery 

association. A response rate of 57.0% was generated and reflects the importance of this work 

to the thoracic surgical workforce. The results of the study offer current and previously 

unavailable information and provide a better understanding of thoracic surgical research and 

quality monitoring processes. 

Through a consensus based approach, an expert panel has agreed that the practice 

setting should have an adequate volume of thoracic surgery to preserve the skills of surgeons 

in both complex cancer surgery and thoracic surgery.
5
 Survey results indicate that thoracic 

surgeons across Canada perform a significant number of general thoracic procedures on 

significant case volumes each year to preserve their surgical skills as well as to uphold 

institutional quality standards. Moreover, hospitals providing oncological and benign 

thoracic services should have sufficient infrastructure support for surgeon participation in 

both local and national databases to maintain ongoing clinical research.
5
 Survey results 

indicate that most institutions are involved in research, and many surgeons are avid 

participants in basic and clinical research through involvement in retrospective chart reviews, 

prospective observational studies, and randomized controlled trials. However, more robust 

quality improvement processes are needed for thoracic surgical services, in particular, as the 

disease burden in Canada requiring thoracic oncology services is likely to increase as our 

population ages and baby boomers enter their senior years.
7
 Quality assurance in the thoracic 

surgical speciality must evolve and engender greater participation, as 72.0% of Canadian 
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institutions do not have a formal surgery quality assessment program and 92.3% of 

institutions do not participate in a national or international thoracic surgery database. 

Nevertheless, surgeons from 19 institutions (73.1%) are willing to participate in and lead 

quality processes, and possess a high level of interest in initiating a national thoracic surgery 

database (65.4%).   

To ensure consistent quality in the thoracic surgical speciality, an ongoing 

commitment to continuous quality improvement is essential. Continuous quality 

improvement, in healthcare, is the repetitive cycle of outcomes and process measurement, 

design and implementation of interventions to improve the processes of care, and re-

assessment to evaluate the effect on quality of care.
8
 One way for thoracic surgeons to 

continuously evaluate and improve upon their practice is to compare themselves with 

evidence-based national guidelines through data generated from large patient databases. The 

development of a national database is progressively being recognized as fundamental to the 

practice, review and quality assessment of thoracic oncology services across Canada. A 

system of regular review of perioperative patient care is crucial for the attainment of optimal 

patient outcomes. A national database would enhance multidisciplinary communication, and 

allow for design and implementation of programs to improve surgical quality locally and 

nationally. Our results indicate that 97.8% of surgeons are willing to share data on M&M, 

representing 100% of all institutions. Moreover, prospective research using a national 

database can help to answer questions that previously could not be answered due to 

inadequate sample sizes.
10

 For instance, if surgeons do not know the rate of atrial fibrillation 

or prolonged air leak after lobectomy, how can they monitor their effort to improve it and 

document it? How does an institution‟s mortality for esophagectomy compare with other 

institutions in the same region? How are surgeons doing among their colleagues? Active 
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participation in a national database can lead to quality improvements in thoracic surgical care 

and facilitate objective comparison between common surgical procedures, and between 

surgeons and centers over time.
9
  

We recognize several limitations of the use of a survey instrument for evaluating 

research and quality improvement process in thoracic surgery across Canada. First, the 

question of how complete, accurate, and representative is the data set must be addressed. 

This membership study only reflects a snapshot in time and overlooks the various interacting 

factors affecting the numbers of actively practicing thoracic surgeons. Recall bias also is a 

relevant concern that may compromise the accuracy of results, as survey responses can be 

highly dependent on how a question is worded.  

Although, demographics and case volume have been previously studied in Canada, 

information on methods of quality assessment has been limited; thus, limiting opportunities 

for comparison and evaluating trendsover time. Future needs assessment studies must 

continue to monitor the trends that have already been documented so that appropriate and 

strategic initiatives can be planned and implemented. 

The analysis captured in this report provides an overview of the extent of 

participation in thoracic surgical research and the methods used for the evaluation of thoracic 

surgical quality in Canada. The information rendered enhances our ability to strategically 

plan. Implementation of a national database and the collection of valid data at the national 

level may be of value for future quality assessment processes in thoracic surgery. Data are 

essential to document the efficacy and quality of thoracic surgical procedures that are 

performed and a national database is a necessary tool for quality assurance and for the 

continued success of thoracic surgical practice. We hope that the results of our membership 

survey will play an essential first step in that process.   
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CONCLUSION  

 

Defining, monitoring and improving quality and efficiency of care is at the forefront 

of health care research. Surgeons have advanced a highly refined system of sustaining and 

improving the quality of their practice through the measurement and evaluation of: 1) 

structure of care - as it relates to the type of setting the care takes place in; 2) processes of 

care – such as, the perioperative preparation of the patient; and 3) outcomes of care - via 

formal M&M rounds, where open collegial discussion not only helps to facilitate the 

improvement of surgical outcomes, but also enhances surgical education of trainees.  

The TM&M classification system, based on the Clavien-Dindo classification system, 

builds upon the above principles, providing objective and standardized feedback on surgical 

adverse events for an individual division of thoracic surgery at the Ottawa Hospital. The 

TM&M classification system advocates for a practice of continuous quality improvement, 

advances the development of quality improvement programs, and facilitates an open forum 

for ongoing medical education on surgical quality assurance. The TM&M classification 

system has potential for widespread adoption by providing a critical component to 

continuous quality improvement in thoracic surgery. 

To evaluate the reliability and reproducibility of the TM&M classification system, a 

31-item questionnaire was sent to all members of the Canadian Association of Thoracic 

Surgeons in August 2009, consisting of 20 case-based questions of postoperative adverse 

events to be classified. The response rate of the survey may not have been optimal; however; 

efforts were made to increase participation in the survey. Results indicate a high level of 

agreement among the survey respondents for the 20 case scenarios, further indicating that the 

TM&M classification system is consistent among surgeons‟ opinion and can be applied to 



87 

 

different case examples. Personal judgements of survey respondents show that the TM&M 

classification system is straightforward to understand, reproducible, and useful.  

The next step of the project called for a needs assessment of the Canadian thoracic 

surgical speciality as it has become increasingly important to compare the quality of surgical 

care delivery across Canadian institutions. This time, a 45-item speciality-focused survey 

was mailed to all national members of Canadian Association of Thoracic Surgeons in August 

2009. Questions focused on thoracic surgical manpower, clinical research programs and 

funding opportunities, methods used for the evaluation of surgical quality (i.e. database use 

and interest, and quality monitoring), and the provision of thoracic surgical oncology 

services. The results of this study have provided a strong foundation of knowledge upon 

which we can, with time, enhance the monitoring of quality of care at the national level.  

Future plans are in place for the development of a Thoracic Surgical Quality 

Monitoring System (TSQMS).  This novel system will be a natural extension of the TM&M 

classification system, with the intent to seamlessly integrate all patient interactions with 

clinical staff at the Ottawa Hospital, by recording and reporting: (i) minimal essential clinical 

data on all time points on the continuum of care, starting with patient referral to two years 

follow-up post surgery; (ii) other measures of quality of care (e.g. wait times, patient 

experience); and (iii) measures of efficiency of care (e.g. patient flow over time, length of 

stay). Using hand-held tablet PCs or Apple‟s iPad to record the above information, the next 

step will be to initiate and evaluate the TSQMS. By including essential clinical data in 

addition to a broadened definition of quality, there is a capacity to greatly enhance an already 

successful model. 

The health care system places high importance on sustaining and improving the 

quality of surgical care and patient satisfaction. Thoracic surgeons are being challenged to 
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achieve this within the framework of a patient population that is increasing in severity of 

disease (1). The work outlined in this thesis was prepared to achieve these goals.  
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APPENDIX D (VATS vs. Open Lobectomy) 

Objective: Video-assisted thoracic surgery (VATS) is a relatively new technology that has 

become the standard of care for minimally invasive thoracic procedures. However, 

controversy surrounds the safety and oncologic efficacy of VATS lobectomy. The TM&M 

tool was utilized for reporting presence and severity of complications during the initiation of 

a VATS lobectomy learning curve, and compared to open lobectomy controls. The types of 

postoperative morbidity in patients undergoing lobectomy, was further analyzed, in order to 

deduce if there is an advantage gained by the minimally invasive VATS procedure.  

Methods: A retrospective review of all patients undergoing thoracic surgery for lung cancer 

at the Ottawa Hospital was conducted to identify those patients who underwent elective 

pulmonary lobectomy for clinical stage I and II non-small cell lung cancer (NSCLC). All 

consecutive VATS lobectomies performed in the Ottawa Hospital since January 2006 until 

August 2010 were age-matched (±5 years) and stage-matched with a control cohort of open 

lobectomy cases. Data on patient demographics, co-morbidities, pulmonary function, 

pathological stage, operative procedure and time, blood loss, type and grade of postoperative 

complications, and hospital length of stay were recorded and will be analyzed 

retrospectively. 

Results: The responsibility of the master‟s candidate was to analyze the data using frequency 

counts for categoric variables, such as presence of co-morbid conditions, and as mean, 

median and range for continuous variables, such as operating room time, surgery time, and 

length of stay. Differences between VATS and open lobectomy groups were analyzed using 

the Student‟s t-test for continuous variables and the x
2
 or Fisher exact tests for categoric 

variables. Stratified analyses were performed to examine variations in complication rates 

according to age at surgery (<71 – 80, >81).  A p value of < 0.05 was considered significant. 
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Data was analyzed using SAS 9.2 software. Results are presented below in tables D.1 to D.8, 

and figures D.1 and D.2.  

 

Table D.1. Patient Characteristics   

Characteristics 
VATS  

(n = 120) 

Open  

(n = 120) 
p Value 

Age (range), years 66.7 (44 - 84) 67.3 (48 - 88) Matching variable 

Gender    0.19 

Female, n (%) 61 (50.8) 71 (59.2) - - 

Male, n (%) 59 (49.2) 49 (40.8) - - 

Clinical Stage    Matching variable 

IA 62 71 - - 

IB 38 29 - - 

IIA 16 14 - - 

IIB 1 3 - - 

IIIA 3 3 - - 

IIIB 0 0 - - 

COPD, n (%) 19 (15.8) 19 (15.8) - - 

Cardiac Disease, n (%) 17 (14.2) 16 (13.3) 0.87 

Diabetes Mellitus, n (%) 20 (16.7) 13 (10.8) 0.19 

Hypertension, n (%) 50 (41.7) 56 (46.7) 0.44 

% predicted FEV1 (range) 2.06 (.96 – 4.34) 2.15 (0.81 – 4.0) 0.42 

Based on the student‟s t-test for continuous variables and the x
2
 or Fisher exact tests for 

categoric variables. 

 

Note: Patient characteristics did not differ between patients undergoing a VATS lobectomy 

or patients undergoing an open lobectomy procedure.  
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Table D.2. Perioperative Data 

Characteristics 
VATS 

(n = 120) 

Open 

(n = 120) 
p Value 

Pathology      

Adenocarcinoma (%) 72 (60) 67 (55.8) 0.51 

Squamous Cell Carcinoma (%) 31 (25.8) 32 (26.7) 0.88 

Large Cell Lung Carcinoma (%) 5 (4.2) 10 (8.3) 0.18 

Other (%) 12 (10) 11 (9.2) 0.83 

Mean Tumor Diameter (range), cm  2.68 (.5 - 11) 2.76 (0.7 – 7.4) 0.89 

Length of Stay, days 7.76 (2 - 86) 8.16 (3 – 53) <0.05* 

Mean O.R. Time, min 273.18 239.13 <0.05* 

Mean Surgery Time, min  220.04 178.24  <0.05* 

Mean Blood Loss, cc 170.27 230.56 <0.05* 

Conversion, n (%) 7 (5.8) - - - - 

Required Transfusion, n (%)  4 (3.3) 6 (5.0) 0.51 

# N1 LN Sampled, mean (range) 7.1 (0 - 21) 5.99 (1 - 23) 0.21 

# Positive, median (range)  0 (0 - 10) 0 (0 - 3) <0.05* 

# N2 LN Sampled, mean (range) 1.5 (0 - 6) 1.5 (0 - 8) 0.87 

# Positive, median (range) 0 (0 - 3) 0 (0 - 3) 0.69 

Preop Mediastinoscopy, n (%)   49 (40.8) 52 (43.3%) 0.69 

Preop Anterior Mediastinotomy, n (%)    2 (1.7) 6 (5) 0.15 

Complications, n (%) 52 (43.3) 57 (47.5) 0.52 

Death, n (%) 4 (3.3) 2 (1.7) 0.68 

Based on the student‟s t-test for continuous variables and the x
2
 or Fisher exact tests for 

categoric variables. 

 

Note: There was a statistically significant difference between groups in terms of 

mean length of stay, with patients undergoing a VATS lobectomy procedure having a shorter 

LOS (p <.0001). There was a statistically significant difference between groups in terms of 

mean O.R. time, with patients undergoing an open lobectomy procedure having a shorter 

O.R time (p = 0.0016). There was a statistically significant difference between groups in 

terms of mean surgery time, with patients undergoing an open lobectomy procedure a having 

a shorter surgery time (p =0.0061). There was a statistically significant difference between 
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groups in terms of mean blood loss, with patients undergoing a VATS lobectomy procedure 

experience less blood loss (p < 0.0001). 

 

Table D.3. Severity of Complications 

Characteristic 
VATS 

(n = 120) 

Open 

(n = 120) 
p Value 

Complications/patient, n (%)    

0 68 (56.7) 62 (51.7) 0.43 

1 35 (29.2) 38 (31.7) 0.67 

2 10 (8.3) 13 (10.8) 0.51 

> 3 7 (5.8) 7 (5.8) - - 

Max Grade, n (%)    

I 4 (3.3) 2 (1.7) 0.68 

II 34 (28.3) 42 (35.0) 0.27 

IIIa 7 (5.8) 8 (6.7) 0.79 

IIIb 2 (1.7) 0 (0) 0.50 

IVa 1 (0.8) 4 (3.3) 0.37 

IVb 0 (0) 1 (0.8) 0.31 

V 4 (3.3)^ 2 (1.7)× 0.68 

Based on the x
2
 or Fisher exact tests for categoric variables. 

 

Note: Overall complication rates were not statistically different between patients undergoing 

a VATS lobectomy or patients undergoing an open lobectomy procedure.  

^Causes of death: MI, pneumonia, ARDS, cardiac arrest 

×Causes of death: cardiac perforation, respiratory failure  
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Table D.4. Complication Profile 

Type, n (%) 
VATS  

(n = 120) 

Open  

(n = 120) 
p Value 

Pulmonary  18 (15) 14 (11.7) 0.45 

Pleural  45 (37.5) 33 (27.5) 0.10 

Cardiac 15 (12.5) 26 (21.7) 0.06 

Renal 3 (2.5) 4 (3.3) 0.70 

Gastrointestinal  3 (2.5) 2 (1.7) 0.65 

Neurological  4 (3.3) 6 (5) 0.52 

Wound  0 (0) 2 (1.7) 0.50 

Other  2 (1.7) 2 (1.7) - - 

Based on the x2 or Fisher exact tests for categoric variables. 

 

Note: Complication rates among the different systems were not statistically different 

between patients undergoing a VATS lobectomy or patients undergoing an open lobectomy 

procedure.  

 

Table 5. Median length of stay for uncomplicated and complicated cases 

Complication Grade 

VATS 

(n = 120) 

Open 

(n = 120) p Value 

n Median LOS, days n Median LOS, days 

Uncomplicated Cases 68 4 61 5 <0.05* 

Complicated Cases      

Grade I 4 5.5 2 17.5 0.02 

Grade II 34 7 41^ 7 0.04* 

Grade IIIa 7 9 8 15.5 0.46 

Grade IIIb 2 5.5 0 - - - - 

Grade IVa 1 86 4 16 - - 

Grade IVb 0 N/A 1 42 - - 

Grade V 4 18.5 2 7.5 0.08 

Based on the student‟s t-test for continuous variables. 

^1 outlier removed (LOS = 144) 

Note: Patients who underwent a VATS lobectomy and who experience no complications had 

a significantly shorter length of stay as compared to uncomplicated open lobectomy cases (p 
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<.0001). Patients with grade I and II complicationss who underwent an open lobectomy 

procedure experienced a significantly higher length of stay (p = 0.0170; p <0.0001, 

respectively) as compared to patients with grade I and II complications who underwent a 

VATS lobectomy.  

 

Table D.6. Incidence of complications in different age groups of patients undergoing VATS  

 

Patient Outcomes 

Controls Stratified by Age 

< 70 

(n = 77), % 

71 – 80 

(n = 36), % 
p Value 

> 81 

(n = 7), % 
p Value 

Uncomplicated 

Cases 

46 (59.7) 18 (50) 0.3303 4 (57.1) 0.89 

Complicated Cases      

Grade I 1 (1.3) 2 (5.6) 0.2377 1 (14.3) 0.16 

Grade II 19 (24.7) 13 (36.1) 0.2087 2 (28.6) 0.82 

Grade IIIa 6 (7.8) 1 (2.8) 0.3029 0 (0) 0.44 

Grade IIIb 2 (2.6) 0 (0) 0.3292 0 (0) 0.67 

Grade IVa 0 (0) 1 (2.8) 0.0008* 0 (0) - - 

Grade IVb 0 (0) 0 (0) - - 0 (0) - - 

Grade V 3 (3.9) 1 (2.8) 0.7644 0 (0) 0.59 

Based on the x
2
 or Fisher exact tests for categoric variables. 

 

Note: There was no difference in terms of uncomplicated cases among the different age 

groups. However, there was a significantly higher grade IVa complication rate in patients 

between 71 and 80 years of age undergoing a VATS lobectomy compared to younger 

patients (< 70 years) (p  <0.05).  
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Figure 1. Median length of stay as a function of age for patients undergoing a VATS 

procedure. There was no difference in length of stay among patients of different age groups 

(ANOVA, p = 0.18). 

 

Table D.7. Distribution of resections by lobe. 

Lobe 
VATS  

(n = 120) 

Open 

(n = 120) 
p Value 

RUL 48 (40) 40 (33.3) 0.28 

RML 7 (5.8) 11 (9.2) 0.33 

RLL 19 (15.8) 15 (12.5) 0.46 

LUL 28 (23.3) 29 (24.2) 0.88 

LLL 18 (15) 25 (20.8) 0.24 

Based on the x
2
 or Fisher exact tests for categoric variables. 

 

Note: There was no difference in the distribution of resections by lobe performed by VATS 

or open lobectomy.  
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Table D.8. Dividing the cases chronologically by dates to compare OR and surgical 

times for VATS lobectomy.  

Cases OR Time Surgical Time 

1 – 20 299.2 237.3 

21 – 40 265.5 217.9 

41 – 60 253.2 203.8 

61 – 80 241.7 190.9 

81 – 100 273.6 222.4 

101 – 120 306.8 249.8 

p value <0.05* <0.05* 

Based on ANOVA which tests the equality of means when sample sizes are equal. 

 

Note: OR time and surgical time significantly differed among the groups of cases 

undergoing VATS lobectomy.  

 

Table D.9. Dividing the cases chronologically by dates for number of complications.   

Cases 
Total number of complications, n (%) 

p Value 
VATS (n = 120) Open (n = 120) 

1 – 20 23 (19.2) 12 (10) 0.04* 

21 – 40 17 (14.2) 16 (13.3) 0.85 

41 – 60 11 (9.2) 23 (19.2) 0.03* 

61 – 80 14 (11.7) 12 (10) 0.68 

81 – 100 7 (5.8) 7 (5.8) - - 

101 – 120 11 (9.2) 19 (15.8) 0.12 

Based on the x
2
 or Fisher exact tests for categoric variables. 

 

Note: The initial 20 VATS cases experienced significantly more complications than patients 

who underwent an open lobecomy during the same time period (p = 0.04). The opposite 

effect is seen in VATS cases 41 – 60 whom experienced significantly less complications that 

patients who underwent an open lobectomy during the same time period (p = 0.03). There 

were no differences in terms of complication rates in the other time periods.  
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Figure D.2. Changes in complication rates over time for patients undergoing VATS 

lobectomy. Minor complications (grades I and II) are the most common types of 

complication seen over time.  

0

2

4

6

8

10

12

14

16

Case 1 - 20 Case 21 - 40 Case 41 - 60 Case 61 - 80 Case 81 - 100 Case 101 - 120

To
ta

l n
u

m
b

e
r 

o
f 

co
m

p
lic

at
io

n
s

Order of cases

Changes in complication rates over time

Grade I

Grade II

Grade IIIa

Grade IIIb

Grade IVa

Grade IVb

Grade V



111 

 

APPENDIX E (CATS Survey of Surgical Case Scenarios) 
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APPENDIX F (CATS Survey Evaluating Thoracic Surgical Research) 
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