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ABSTRACT 

 

Background:  Radical prostatectomy is the surgical procedure performed on men with 

clinically localized prostate cancer.  In recent years, radical prostatectomy quality 

indicators have been recommended, but the feasibility and validity for many of these 

listed surgical quality indicators have yet to be examined.  We tested the convergent 

construct validity of these quality indicators by assessing their associations with hospital 

volume, a variable repeatedly associated with the quality of surgical care, for prostate 

cancer patients treated with radical prostatectomy. 

 

Objectives:  (1) To assess variations in quality indicators by hospital volume; and (2) To 

investigate whether certain explanatory variables account for some of the variation 

observed in Objective 1. 

 

Methods:  This was a retrospective cohort study using medical chart review data that had 

already been collected as part of a parent study.  The study population consisted of a 

stratified random sample of prostate cancer patients diagnosed between 1990 and 1998 in 

Ontario, who were treated by radical prostatectomy with curative intent within six 

months of diagnosis (n = 645).  The feasibility of using this data to assess a number of 

quality indicators was explored, and where possible, variables were developed for 

analysis.  Ultimately, detailed analyses were performed for the quality indicators: total 

blood transfusions of three units or greater, length of hospital stay, and use of non-nerve-

sparing surgical technique. 
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Results:  Even using high-quality chart data, it was not feasible to evaluate all of the 

quality indicators that were explored.  For blood transfusions of three units or greater, 

length of hospital stay, and use of non-nerve-sparing surgical technique, worse outcomes 

were generally apparent with decreasing hospital volume, both before and after adjusting 

for the effect of explanatory variables.   

 

Conclusions:  We demonstrated convergent construct validity for three quality indicators 

(blood transfusions, length of hospital stay, and non-nerve-sparing surgery).  If their 

validity is further demonstrated in future studies, these indicators could be used for 

quality assessment and could provide feedback to surgeons, surgical department heads, 

hospital administrators, and quality councils by suggesting areas for quality improvement 

in surgical care, such that future outcomes can be optimized.  
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CHAPTER 1:  INTRODUCTION 

 

1.1 Prostate cancer 

Prostate cancer is the most commonly diagnosed cancer and the third most 

common cause of cancer death among Canadian men, and is a serious public health 

problem that causes a significant amount of morbidity in the population.1,2  Treatment for 

prostate cancer often cures patients with clinically localized disease, defined as tumor 

confined within the prostate with no evidence of regional or distant metastasis.3,4  For 

these patients, the three primary treatment strategies are surgery, radiotherapy, and 

watchful waiting.3,5  The typical surgical treatment is radical prostatectomy (RP), a 

complex and challenging procedure which involves the total removal of the prostate and 

surrounding tissues.  As the incidence of localized disease has increased dramatically 

with the advent of PSA testing, the number of radical prostatectomies performed has 

increased.3,6,7  While this surgery can completely eradicate the cancer, there are concerns 

about the considerable post-operative and long-term morbidities than can significantly 

affect a patient’s quality of life.3,6 

 Controversy over many aspects of surgical treatment has led to variations in 

practice and outcomes.8  There is concern that variations in outcome may be due to 

variations in the quality of care provided, although there is little known even about which 

aspects of quality should be examined.9 
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1.2 Quality of care 

 Quality of care research evaluates the “degree to which health services for 

individuals and populations increase the likelihood of desired health outcomes and are 

consistent with current professional knowledge.”10  In health sciences, research in quality 

assessment is based on the Donabedian conceptual framework, which categorizes quality 

of care measures into three domains – structure, process, and outcome.11,12  Concerns 

over shortcomings in the quality of medical care over the past few decades in light of 

rising health care expenditures has raised serious concerns among both patients and 

payers about the value of their health care dollars.  These concerns have led to consumer 

and payer driven efforts to better understand, measure, and influence medical care 

quality.  As a result, independent councils with overall responsibility to monitor the 

quality of health care systems and to guide change have emerged in the U.K., U.S., and 

Australia.11,13 

In Ontario, the provincial government created the Cancer Quality Council of 

Ontario (CQCO) in 2002, a body unique in Canada for its focus on quality within a 

specified disease context as opposed to assessing quality across the entire health care 

system.  This impartial group provides advice to the province through Cancer Care 

Ontario (CCO), and is committed to improving the quality of all cancer services by 

enhancing the measurement of system performance, and using this information to 

motivate and coordinate quality improvement.13  However, the work of this council, as 

well as other groups internationally, has been impeded by a lack of reliable and valid data 

for measuring quality and a failure to control for patient characteristics.11,13 
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 In prostate cancer, both the RAND group in California and Cancer Care Ontario 

(CCO) have recommended quality indicators for surgical care provided to patients with 

clinically localized disease, with some overlap.  Using an expert panel, recommendations 

were made based on the literature and/or consensus from the clinicians.9,14  However, the 

lack of high quality evidence on many aspects of the surgical treatment (radical 

prostatectomy) means that it is important to assess whether the recommendations are 

valid in distinguishing between good and poor quality surgical care before their 

application in the quality-of-care process.10,11  Follow-up studies to the RAND 

recommendations have tested the feasibility of some but not all of the quality indicators 

listed by RAND and CCO.  A formal evaluation of validity has not yet been performed, 

but is necessary.9,15-17 

 

1.3 Volume 

 Volume refers to the number of procedures performed at individual hospitals or 

by individual surgeons.18  The relationship between higher volume and lower rates of 

adverse outcomes following treatment is well established,19,20 with the common 

explanation being that high volume surgeons generally improve their surgical techniques 

with experience.21  In radical prostatectomy, studies using electronic claims data from the 

U.S. have found better short term outcomes with increasing hospital and surgeon volume.  

However, these American studies were limited by the data source, which did not allow 

for examination of all RAND and CCO listed quality indicators, and by incomplete 

control of covariates.18,20,22-25  Also, there is a gap in knowledge due to the absence of 

radical prostatectomy volume studies performed in Canada. 
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1.4 Rationale, construct validity, and overview of study 

 This study attempted to address the gaps in the literature as highlighted above.  To 

address the concern that variations in radical prostatectomy outcomes may be due to 

variations in the quality of care provided, RAND and CCO expert panels developed 

recommended quality indicators for prostate cancer surgery.9,14  We continued this line of 

inquiry by examining whether radical prostatectomy quality indicators can be assessed 

using patient charts and whether certain indicators are valid in distinguishing quality in 

an Ontario population, taking into account the effect of important patient and disease 

characteristics that might affect comparisons.  Although the definition of quality is quite 

broad and can include many aspects of medical care including prevention and continuity 

of care, we limited the scope of our study to the examination of technical surgical quality 

indicators.12  Since it is well established that higher volume hospitals generally have 

better post-surgical outcomes for cancer surgeries in general as well as for radical 

prostatectomy,18,20,23,24 we used the hospital prostatectomy volume, as a proven surrogate 

for surgeon volume,23 to test the construct validity of the candidate quality indicators.  At 

the same time, this allowed us to better understand the volume effect. 

 Construct validity refers to the validity of measures of unobservable constructs, 

and is used when there is no criterion against which to evaluate the validity of these 

measurements.26,27  This is true for quality indicators, instruments proposed for 

measuring the unobservable construct of surgical quality, but for which there is no 

reference standard.  In this study, we used a specific type of construct validity called 

convergent validity, which tests the extent to which two or more instruments that purport 

to be measuring the same topic agree with each other.26  Our hypothesis is that if higher 
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volume hospitals have better outcomes as demonstrated by the quality indicators of 

interest, then we will have demonstrated their convergent construct validity: that hospital 

volume and the quality indicator are both measuring the underlying concept of surgical 

quality.  Indicators that we found feasible to collect and to be valid could be used by the 

Ontario council and others to monitor the quality of prostate cancer surgical care.13 

This was a retrospective cohort study that used chart-based data collected 

previously for an observational study designed to examine the role of comorbidity on 

early death after prostate cancer treatment, to compare the outcomes of radiotherapy and 

radical prostatectomy treatments, and to explore within-modality practice variations and 

their impact.  The current study partially addresses this last objective.  Dr. Groome was 

the Principal Investigator on the parent study and Dr. Siemens was a clinical co-

investigator.  The study population was drawn randomly from a study base consisting of 

all prostate cancer patients treated for cure in Ontario from 1990 through 1998 within six 

months of diagnosis.   

 Specifically, our study purpose was to test the construct validity of radical 

prostatectomy quality indicators by assessing their associations with hospital volume 

among prostate cancer patients treated with radical prostatectomy in Ontario.  The 

objectives were to assess variations in quality indicators by hospital volume, and to 

investigate whether selected explanatory variables account for some of this variation. 
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CHAPTER 2:  LITERATURE REVIEW 
 
 

2.1 Scope and search strategy 

 This literature review covers four major areas.  Firstly, an overview of prostate 

cancer, with a focus on surgical treatment of the disease, is provided based on clinical 

practice guidelines, surgical texts, and review articles from Medline.  The chapter then 

reviews the concept of volume in relation to prostate cancer surgery, all quality indicator 

research in prostate cancer surgery, background on individual quality indicators, and the 

extent that each has been evaluated or used as a quality indicator.  Peer-reviewed 

literature for these topics was obtained through searches of the Medline database from 

1996 to June 2007.  Articles preceding this time frame were reviewed if they were cited 

as important references in literature found through the Medline search. 

 

2.2 Prostate cancer 

2.2.1 Epidemiology and natural history 

 Prostate cancer is the most commonly diagnosed cancer and the third most 

common cause of cancer death among Canadian men, according to the Canadian Cancer 

Society.  In 2006, it was estimated that 20 700 men were diagnosed and 4 200 men in 

Canada died of this disease.1  In addition, men survive longer with prostate cancer than 

people affected by other common cancers such as lung carcinoma.  Therefore, prostate 

cancer is a serious public health problem that causes a significant amount of morbidity in 

the population.1,2     
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 The most definitive risk factors for prostate cancer are age, family history, and 

ethnic group.  The risk of developing this disease increases faster with age than any other 

major cancer, with both incidence and mortality rates increasing at a near exponential rate 

after age 50.  Other probable risk factors include high intake of fat, meat, and dairy 

products, while protective factors include the consumption of soybean products, 

tomatoes, and selenium.2,28  The presence of diabetes mellitus may be another probable 

risk factor, as those suffering from diabetes may be more likely to be obese and have 

hyperinsulinemia, and both may alter endogenous steroid metabolism.28 

 The natural history of prostate cancer progresses slowly over many years, with 

doubling times for local tumors estimated at two to four years.  Early prostate cancer is 

often asymptomatic, since tumors usually arise from the peripheral zone of the prostate, 

which is distant from the urethra.  The presence of voiding symptoms suggests locally 

advanced disease that has spread to the seminal vesicles, ureters, and/or the bladder base.  

Prostate cancer most commonly metastasizes to the lymph nodes and bones, but has also 

been found to metastasize to the lungs, bladder, liver, adrenal glands, and testes.  

Symptoms associated with these metastases include perineal pain, weight loss, cachexia, 

bone pain, and neurological complications.2,29 
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2.2.2 Diagnosis 

 Prostate biopsies confirming the presence of cancer are typically recommended 

when abnormalities are found on digital rectal examination (DRE) or with serum 

prostate-specific antigen (PSA) levels above age-specific ranges.2,5  The Gleason system 

is the most common histologic grading system for prostate cancer, and is based on the 

glandular pattern of the biopsy specimen at low magnification.  Assigned grades can 

range from 2 to 10, with prognosis worsening with the numerical score.2  The tumor, 

node, and metastases (TMN) staging system is used to describe the extent of disease as 

determined through DRE, PSA testing, biopsy, and imaging modalities.2,3  The 

combination of clinical stage, PSA, and Gleason score provide an understanding of the 

severity of the disease to evaluate prognosis and to direct therapy.  Preoperative 

nomograms based on these three measures of disease severity have been demonstrated to 

be prognostic of outcomes such as prostate cancer-specific mortality and biochemical 

failure after curative surgery and radiotherapy.3,30-33 

 

2.2.3 Treatment options 

 Treatment for prostate cancer often cures patients with clinically localized 

disease, but it is rarely curative for patients with locally extensive tumor, and is generally 

not curable for metastatic disease.3  Clinically localized cancer is defined as tumor 

confined within the prostate with no evidence of regional or distant metastasis.  It 

includes tumors that are not palpable by DRE (TNM category T1 N0 M0) or are palpable 

but do not extend outside the prostate (TNM category T2 N0 M0).4  For these patients, 
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the three primary treatment strategies are radical prostatectomy, definitive radiation 

therapy, and watchful waiting.3,5  However, due to the lack of high quality randomized 

studies directly comparing these options that have accounted for the effects of treatment 

selection factors, there is great diversity of opinion regarding the optimal management 

technique.  Therefore, physicians currently make treatment recommendations based on 

disease severity, age, comorbidity, and patient preference.2-4  In this thesis, we are only 

concerned with surgery for prostate cancer and thus, there will be no further discussion of 

the other treatment options or on the optimal choice of therapy. 

 

2.2.4 Radical prostatectomy 

As the incidence of localized disease has increased dramatically with the advent 

of PSA testing, the rates of surgeries performed for prostate cancer have also increased.  

The typical surgical treatment is radical prostatectomy (RP), which involves the total 

removal of the prostate and surrounding tissues.3,6  It is a complex and challenging 

surgical procedure that is also one of the most common operations performed by 

urologists in the Western world.7 

Radical prostatectomy is generally appropriate for younger men with tumors that 

are confined to the prostate (TNM categories T1 or T2) and without lymph node 

metastases.  They should also have no major comorbid medical illnesses that would 

preclude major pelvic surgery and adversely affect post-surgical outcomes.  Patients with 

more advanced disease are unlikely to be cured, and the risks and side effects of the 

procedure cannot usually be justified for them.2,3,6,7  While radical prostatectomy can 
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completely eradicate the cancer, there are concerns of considerable post-operative and 

long-term morbidities than can significantly affect quality of life.3,6 

During the surgical procedure, the first step is to resect the regional pelvic lymph 

nodes to determine the presence of metastasis.  Some surgeons may elect to forgo the 

dissection altogether for early stage, low grade cancers where the probability of lymph 

node metastasis is very low in order to reduce complications and operating time.  

Following the lymph node dissection, radical prostatectomy is completed.  While the 

retropubic (RRP) and perineal (RPP) approaches were the most common during the 

1990s, the retropubic approach gained more acceptance due to urologists’ greater 

familiarity with pelvic anatomy and the ability to perform lymph node dissection and 

radical prostatectomy in one session through a single incision.3,5,6,34 

  In recent years, improved understanding of the anatomy of the nerves, blood 

vessels, and structures surrounding the prostate has led to the development of surgical 

techniques aimed at preserving continence and erectile function, the two most common 

complications of treatment, as well as reducing blood loss and generally improving post-

surgical outcomes.2,6,7,35   Nerve-sparing techniques to preserve the neurovascular 

bundles that innervate the corpora cavernosa of the penis have been shown to improve 

post-operative erectile function, although this has not yet been confirmed in a randomized 

study.7,29,35,36  Also, techniques involving careful apical dissection in the preparation of 

the vesicourethral anastomosis have resulted in reduced rates and severity of urinary 

incontinence.6,35  Finally, careful attention to control of the dorsal venous complex and 

meticulous dissection and control of the many small vessels surrounding the seminal 

vesicles have reduced intraoperative blood loss and created a relatively bloodless field 
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where it is also easier to identify landmarks, thereby reducing the sequelae of the 

treatment.2,6,35,37 

 Immediately following the complete removal of the prostate, initial PSA levels 

should be undetectable, indicating that all cancer and normal prostate cells have been 

removed.  PSA levels that remain detectable, or pathological findings such as positive 

surgical margins, may reflect persistent disease that was not entirely removed in surgery.  

These findings can suggest a high risk of recurrence, and thus adjuvant radiotherapy or 

hormonal therapy post-surgery may be considered for these patients.3,5,6 

 Otherwise, the general follow-up pattern is to see the surgeon at three-month 

intervals in the first year after surgery.  Afterwards, the follow-up interval can be 

increased to six months and may be carried out by the patient’s general practitioner.5,6  

During each follow-up appointment, DRE and PSA testing is recommended to detect 

recurrent disease such that salvage therapy may be administered early to cure or to 

prolong life.5 

 

2.3 The structure-process-outcome paradigm 

In health sciences, the foundation for much emerging research in quality 

assessment is based on the Donabedian structure-process-outcome paradigm, which 

categorizes quality of care measures into three domains.11,12  Firstly, structure of care 

includes the equipment, resources, and provider experience necessary to provide care, 

such as surgical volume.  Secondly, process of care refers to the technical and 

interpersonal elements of care that transpire between doctor and patient.  For example, 

the use of nerve-sparing surgery may be considered a technical process of care.  Thirdly, 
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outcomes of care refer to complications, survival rates, and patient-centered outcomes, 

such as the health-related quality of life outcomes of erectile dysfunction and urinary 

incontinence.9,12  The quality indicators recommended by the CCO panel are all process 

and outcome indicators.  The next topic of review, volume, is a well-validated structural 

indicator of surgeon experience that will be used in this thesis to assess the validity of the 

recommended process and outcome indicators. 

 

2.4 Volume 

2.4.1 Introduction 

Volume refers to the number of procedures performed at individual hospitals 

(hospital or institutional volume) or by individual surgeons (surgeon or provider 

volume).18  In 2004, CIHI commissioned the Institute for Clinical Evaluate Sciences in 

Toronto to conduct a systematic review of studies on the volume-outcome relationship.19  

The literature showed that the relationship between higher volume and lower rates of 

adverse outcomes following treatment is well established, although the magnitude of the 

volume effect varies by procedure.18-20  Strong and consistent trends have been noted for 

pancreatectomy and esophagectomy, while smaller trends have been noted for other 

procedures such as primary surgery for colon, breast, and lung cancer.18  Research has 

shown that the size of the volume effect seems to depend on the level of surgical skill 

required to perform a particular procedure.20,38  Accordingly, the common explanation for 

the volume phenomenon is that high volume surgeons generally improve their surgical 

techniques with experience.21 
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 Based on observational evidence that patients treated at facilities performing 

fewer radical prostatectomies reported more surgical complications than higher volume 

institutions, RAND recommended volume as an important quality indicator.  Panelists 

rated it as both a valid and feasible structural indicator, although they did not specify 

whether hospital or surgeon volume should be evaluated.9,10  Most studies examining 

adverse outcomes following cancer surgery have typically focused on hospital volume, as 

a proxy for surgeon volume, although high hospital volume could very well be spread 

among a number of low volume surgeons.18  However, it has been shown that while 

surgeon volume rather than hospital volume is the most important predictor of short-term 

radical prostatectomy outcomes, hospital volume can still provide a good approximation 

of surgeon volume if surgeon-specific data are unavailable.23  A review article on 

urological volume literature found that improvements in acute surgical complication rates 

following radical prostatectomy were more significant for high surgeon volume as 

opposed to high hospital volume.  The authors concluded that while both are independent 

predictors of outcome, models that include both surgeon and hospital volume suggest that 

high volume hospitals have better outcomes in part because of the effect of surgeon 

volume, and vice versa.20 

 

2.4.2 Radical prostatectomy volume literature 

 Most of the radical prostatectomy volume literature has examined short term 

outcomes by hospital and surgeon volume using electronic Surveillance, Epidemiology, 

and End Results (SEER) cancer registries and Medicare claims data from the U.S.18,23-25  

Adverse outcomes examined include in-hospital or post-operative complications, length 
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of stay, in-hospital, 30-day, and 60-day mortality, and late urinary complication and long-

term incontinence symptoms or procedures.  These outcomes have shown better rates 

with increasing hospital and surgeon volume, with the associations with surgeon volume 

more likely to be significant.18,20,22-25 

 In one study with the Genito-Urinary Group of the European Organisation for 

Research and Treatment of Cancer (EORTC) by Van Poppel et al. in 2001, other quality 

indicators were examined in relation to surgeon volume.  These included blood 

transfusion rate, positive surgical margins, undetectable PSA, and incontinence (as 

detected through a 24-hour pad test) at three months after RRP.  Twenty-three surgeons 

in the Genito-Urinary group agreed to participate by completing questionnaires about the 

post-surgical outcomes of ten consecutive patients with T1c or T2 stage prostate cancer.  

Of these four indicators examined, only blood transfusions demonstrated an association 

with volume.  It was found that low volume surgeons tended to give transfusions of >= 3 

units more frequently than higher volume surgeons.39,40 

The evidence for blood transfusion is further strengthened by another study, 

which found that patients treated by surgeons performing <= 15 RRPs annually have an 

8.6 increased odds of requiring blood transfusion when compared to surgeons with more 

experience.  A volume association was also found with blood loss.41  For positive surgical 

margins, the association with volume has been demonstrated in other studies.  In two 

large cohorts, one based in two large urban centers in the U.S., and a subsequent study 

based on a single European institution, positive surgical margin rates were found to be 

significantly associated with surgeon volume, even after controlling for case mix.42,43  On 
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the other hand, no studies have examined the effect of volume on nerve-sparing surgery, 

erectile dysfunction, and biochemical disease-free survival.   

In addition to this gap in knowledge, there are other issues with the quality 

indicator-volume associations reported in previous radical prostatectomy literature.  The 

electronic data studies used hospital discharge abstracts, SEER, and Medicare claims, 

which cannot provide detailed clinical information.18,21,23-25  Also, they did not control 

completely for confounders, especially disease severity.18,20,21,23-25  With the exception of 

one study performed in Quebec where the examination of volume was not a main 

objective,44 all of the studies were performed in the U.S.18,21,23,25  The EORTC study has a 

number of problems.  No background was given to justify the selection of quality 

indicators that were examined, and there was no adjustment for any confounders, 

although variations in covariates were noted.39,40  There was also selection bias, since 

surgeons could choose which patients they reported, making the group of study subjects 

unrepresentative of the population experience.  The positive surgical margins studies 

were tested in a small number of large institutions rather than on a larger geographic 

scale, and again were not performed in Canada.42,43  Finally, it is difficult to compare 

results across all of these studies, because the cutoff points for volume categorizations 

varied.20   

 

2.4.3 Explaining the volume effect  

Several underlying explanations have been proposed to explain the association 

between volume and adverse outcomes in literature for surgery in general as well as for 

radical prostatectomy specifically.  These include the level of surgeon skill, confounding 
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by disease severity and comorbidity, selective referral, and better supportive care.  

Extensive research has shown that the size of the volume effect depends on the level of 

surgical skill required to perform a particular procedure.20,38  Since radical prostatectomy 

is a complex and challenging surgery, high volume surgeons likely have better results 

because ‘practice makes perfect’.2,7,21,45  Confounding by variations in patient and disease 

characteristics, including comorbidity, have also been proposed to explain the volume 

effect.  However, it is unlikely that their adjustment could fully explain volume-outcome 

relationships.18,20,42,46  Selective referral is another proposed explanation, as primary 

health care physicians tend to refer more patients to centers of excellence.20,45  Finally, a 

2002 study suggests that the volume-outcome effect is not specific to the volume of the 

specific procedure performed, but is rather related to the overall volume of complex 

surgeries performed at a hospital.  Those authors suggested that the outcomes are related 

to better supportive care at tertiary care institutions, such as better equipment, fully 

staffed intensive care units, and a broader range of specialists and other resources, rather 

than to surgical skill.21,47  Variations in the characteristics of patients sent to different 

hospitals due to selective referral may be largely accounted for with adjustment for 

confounders and adjusted associations between volume and adverse outcomes for radical 

prostatectomy are due to both variations in surgical skill and quality of supportive care.  

While it is not possible to separate the influence of these two explanations in the current 

study, together they demonstrate that volume describes variations in overall quality of 

care. 
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2.4.4 Evaluating process and outcome quality indicators against volume 

 In general, the strength of the literature has led experts to conclude that surgeon 

experience, or volume, an important indicator of good quality care.9,11,45  As reviewed 

above, volume has been found to be associated with some processes of care and 

outcomes of radical prostatectomy.  In addition, it is easily determined from readily 

available electronic data sources, and all stakeholder groups can understand the concept 

of volume.  However, volume is an insufficient measure to pinpoint quality issues more 

specifically, as it only works well as an indicator on average.  This is useful in large scale 

studies, but provider volume does not work well in predicting the quality of individual 

hospitals and surgeons.48  For example, substantial variation in short-term outcomes and 

positive surgical margin rates have been found among high volume surgeons even after 

adjustment for hospital volume and other covariates.18,42,43  It also does not give us a path 

forward beyond centralizing surgery, which can cause travel difficulties for patients in 

Canada given our geographical size.  Therefore, it is useful to better understand the 

volume effect, and it is necessary to develop more proximate measures of quality to 

understand the variations in processes and outcomes of care that underlie this volume 

phenomenon.11  The work of our study in validating these more proximate quality 

indicators will provide the knowledge necessary to eventually allow for problems in 

surgical quality to be identified and targeted for improvement. 
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2.5 Quality indicators 

2.5.1 Developing quality indicators for prostate cancer surgery 

 In prostate cancer, controversy over many aspects of management has led to 

variations in practice and outcomes.8  There is concern that variations in outcome may be 

due to variations in the quality of care provided, although there is little known even about 

which aspects of quality should be examined.  In 2000, the RAND group of Santa 

Monica, California made the first effort to identify the components of high-quality 

surgical and radiotherapy care for men with early-stage prostate cancer.9  This effort was 

followed by a similar effort undertaken by a Cancer Care Ontario (CCO) panel in 2005 

that built on the RAND initiative in identifying quality indicators for prostate cancer 

surgery as part of a provincial oncology performance assessment program in Ontario.14 

To identify processes and outcomes that reflect quality of care, both groups 

identified potential quality indicators using a formal consensus procedure called the 

modified Delphi method.  Firstly, a list of indicators and covariates were identified 

through a literature search and through expert interviews.  Next, nominated expert panels 

consisting of surgeons and other health care providers developed the final list of quality 

indicators through several rounds of rating and feedback.  Finally, an in-person 

discussion involving all members of the panel led to the final list of quality indicators, 

which were chosen based on published evidence or expert consensus.  Whereas the 

Ontario group was asked to create an “ideal” set of indicators regardless of perceived 

availability of administrative data by which they could be measured, the RAND 

indicators were selected based on rankings of their validity and feasibility by panel 

members.  In the RAND exercise, indicators were ranked on the feasibility of obtaining 
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the relevant data from medical records.  Panel members ranked indicators on their 

validity based on scientific evidence, professional consensus, or professional experience 

that an indicator distinguishes quality.  The overlap in the final sets of indicators 

identified by the two groups included acute surgical complications, biochemical disease-

free and overall survival at 5, 10, and 15 years after treatment, length of stay, loss of 

erectile function, and urinary continence.9,10,14 

The RAND group also noted that if the indicators are used to assess quality, 

covariates such as pre-treatment PSA level, Gleason score, clinical stage, age, 

comorbidity, and socioeconomic status measures should be adjusted for in order to 

control for differences in the providers or institutions being compared.  For example, 

patients with higher PSA and Gleason scores are more likely to have disease that has 

extended beyond the prostate and are therefore more likely to have biochemical failure or 

shorter survival.9 

 The advantages of the RAND and CCO studies are that the modified Delphi 

method is a validated and accepted avenue for developing quality indicator 

recommendations.10  These evidence and consensus based quality indicators can be 

applied in any jurisdiction, as long as the data required are available.14  However, the lack 

of high quality evidence, such as randomized controlled trials and large-scale 

epidemiologic studies, for many aspects of treatment for localized prostate cancer does 

undermine the validity of evidence-based recommendations despite their endorsement by 

the expert consensus panel.10,11  The two groups reached different conclusions on 

appropriate quality indicators, which may be due to temporal trends in the importance of 

clinical topics, as well as variations in knowledge, attitudes, and beliefs across 
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professional groups and geographic regions.  The CCO group did note that they built 

upon the work of RAND initiative, a much bigger effort, rather than starting from the 

beginning.14  In the context of the current project, we considered the more recent CCO 

recommendations as our best source for identifying quality indicators for study, since 

they were developed by experts based in Ontario and we are concerned with the 

development of quality indicators appropriate for a population of Ontario patients. 

 

2.5.2 Follow-up studies on recommended quality indicators 

 While no other studies have been found in the literature to assess the feasibility 

and validity of the CCO recommended quality indicators, two surgically-relevant 

indicators are reported on the CCO website as part of the CQCO’s Cancer System 

Quality Index 2007.49  For radical prostatectomy, deaths within 30 days of surgery and 

completeness of pathology reporting is reported for the province as a whole and by Local 

Health Integration Network (LHIN).  The other quality indicators reported for prostate 

cancer include 5-year relative survival, cancer surgery waits, and cancer deaths, none of 

which are specific to prostate cancer surgery and therefore, are not necessarily reflective 

of the quality of surgical technique.  On the other hand, RAND rated their proposed 

quality indicators by feasibility and validity based on the opinion of the panel members, 

but did not formally evaluate them in an observational study.10  However, several follow-

up studies have assessed their feasibility.15-17  Since there is overlap between the two sets 

of quality indicators, all studies completed to date based on the RAND surgical quality 

indicator recommendations will be described. 
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In 2003, Miller et al.15 reviewed care provided to 168 patients diagnosed with 

localized prostate cancer either in 1995 or in 2000 at the University of Michigan through 

a combination of electronic database review and explicit paper chart review.  They found 

that it was feasible to measure 19 of the 22 indicators assessed, and also observed that 

compliance on several of the 19 feasible indicators improved in 2000 compared to in 

1995. 

 Subsequently, in 2005 Krupski et al.16 evaluated the feasibility of measuring the 

subset of 16 quality indicators recommended by RAND that were selected based on 

expert opinion.  A convenience sample of 55 men who received radical prostatectomy 

and 29 who received radiotherapy from various institutions was drawn from a state-

funded program providing free prostate cancer treatment to uninsured California residents 

near or below the poverty line with untreated, early stage prostate cancer.  Quality of care 

measurement was found to be feasible in 13 of the indicators examined using chart 

abstraction, administrative documents, and patient questionnaires, and some differences 

in compliance were noted by treatment type. 

 In 2007, the findings of these two studies were used by Miller et al. to select a 

subset of the RAND candidate indicators for the first nationwide assessment of the 

quality of localized prostate cancer care in the U.S.17  A stratified random sample of 

prostate cancer diagnoses made during 2000-2001 was taken from the National Cancer 

Data Base and chart abstractions were performed for 1390 patients who received radical 

prostatectomy and 1385 who received radiotherapy as initial treatment in hundreds of 

hospitals throughout the country.  Sampling weights were applied to obtain national 

estimates of quality indicator compliance, which ranged from 40-100%, although most 
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indicators had compliance rates approaching 100%.  The study focused on comparisons 

between surgery and radiotherapy, and found that compliance to the recommended 

quality indicators was higher for men treated with radiotherapy. 

 The studies described above highlight three important points.  First, they 

compared quality indicator compliance between treatment types rather than focusing on 

surgery-specific quality indicators.  As a result, some of the CCO recommended quality 

indicators that are surgery-focused were not addressed in any of the three studies.  

Second, while the studies have found that quality indicator compliance changed over time 

and varied by treatment type, there has been no formal evaluation of the validity of the 

indicators.  Third, they all suggested that consideration of covariates is necessary in 

quality assessment and improvement initiatives, but the adjustment for covariates in their 

studies was not done or was incomplete.  Krupski et al.16 described patient and disease 

characteristics but did not adjust for the differences between the surgery and radiotherapy 

groups when comparing the quality indicator compliance between them.  In the Miller et 

al. studies,15,17 adjustment for several covariates was considered, but comorbidity was not 

assessed. 

One of the goals of CQCO is to develop indicators to measure the quality of 

cancer surgery throughout the province for all disease sites, such as those that measure 

clinical health and quality of life, and to subsequently monitor these quality indicators on 

a regular basis to address variations in the quality of care.13  While feasibility and validity 

on some of these indicators has been evaluated in the U.S., it is not specific to the 

Canadian experience and also does not focus on practice variations among patients 

treated with radical prostatectomy.  Of the indicators for prostate cancer care currently 
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reported by CQCO, only the completeness of pathology reporting was recommended by 

the CCO prostate cancer expert panel, and this relates to the quality of reporting by 

pathologists rather than the quality of care provided by surgeons.  Before the CCO 

recommended quality indicators for prostate cancer surgery can be put into use, their 

feasibility and validity must be evaluated for use in an Ontario population, and the impact 

of covariates should be understood. 

 

2.6 Background on individual quality indicators 

 A subset of the process and outcome quality indicators recommended by Cancer 

Care Ontario in the Gagliardi et al. paper14 was selected for investigation in this thesis, 

based on the data available for analysis and if the quality indicator is influenced by 

surgeon skill.  The scope of this section, which will provide a brief background on each 

recommendation and a review of their use as quality indicators for prostate cancer 

surgical care in the literature, will be limited to this subset of CCO indicators as well as 

several additional process and outcome indicators that we considered important to 

surgical quality. 

 

2.6.1 Acute complications 

 Cancer Care Ontario recommended the occurrence of acute surgical complication 

(blood loss of 2.0 L or greater, cardiovascular complications, deep vein thrombosis, 

pulmonary embolism, infection, and long term anticoagulant therapy) as an outcome 

quality indicator, based on RAND expert panel consensus and evidence from 
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observational studies.  Additionally, death (no time frame specified) was another acute 

surgical complication suggested by RAND.10,14  Post-operative complications are 

commonly reported in the medical literature and are considered to be directly attributable 

to the treatment.10  Decreases in these complication rates have been reported from 

academic medical centers with increasing surgeon experience along with the use of 

enhanced surgical techniques first disseminated in the 1990s.50  With the exception of 

blood loss which will be discussed separately, the rates of these acute complications after 

radical prostatectomy are low, usually between 0-2%,6,35,51 and rates increase with age 

and comorbidity.52  Miller et al found that acute complications (including 30-day 

mortality) could be feasibly assessed through detailed chart review.15  In an Australian 

study by Ansari et al., acute adverse events including urinary complications, 

haemorrhage or haematoma complicating a procedure, postoperative infection, and 

cardiovascular complications were examined as an indicator of poor quality of care.51  

Rates were actually found to increase over time (1989-1995), but the study population 

was restricted only to patients with no proven cancer and 99% of the patients received 

transurethral resection of the prostate (TURP) rather than open prostatectomy (i.e. 

retropubic and suprapubic approaches).  With such low rates, the authors suggested that 

this was not likely to reflect a decline in the quality of care, but more likely to do with the 

accuracy of the routine electronic database used for analysis and changes in thresholds 

for coding diagnoses. 
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2.6.2 30-day mortality 

 Operative mortality can also be defined as death within 30 days of surgery.35  

Although not recommended by Gagliardi et al.,14 Cancer Care Ontario states that 30-day 

mortality is an important measurement of quality of care in complex operations such as 

radical prostatectomy,49 since the risk of operative death is related to surgical skill as well 

as perioperative care and case mix.35,49,53  The risk of death in hospital or within 30 days 

after surgery for all patients receiving prostatectomy in Ontario in 2002-2004 was 

reported by CCO as a quality indicator in the CQCO’s Cancer Service Quality Index 

2007.  The overall rate was 0.23%, with rates by LHIN ranging from 0-0.95%.49  This is 

consistent with operative mortality rates found in U.S. and other Canadian studies on 

national, provincial, or multi-state levels for surgeries performed in the 1990s, which 

ranged from 0.25-0.6%.18,24,25,44,52  With such low rates, it is questionable whether this 

outcome indicator can really identify LHINs offering poor quality care, and the small 

variations observed may be due to confounding by age and comorbidity.49,52 

 

2.6.3 Blood loss and transfusion 

 Blood loss has been endorsed by RAND as a rough proxy for the surgeon’s skills, 

although they note that it is important to control for covariates such as stage, which affect 

the technical difficulty of the procedure.9  Intraoperative blood transfusion has been 

inversely associated with biochemical progression-free survival.34  While there are 

problems in estimating blood loss due to inter-observer variability and inter-individual 

variance in the criteria for transfusion,9 significant declines in blood loss and transfusions 

have been reported as surgeon experience and technique improved over the 1990s with 
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better understanding of prostatic blood vessel anatomy and as experience with the surgery 

has increased.2,6,34,35  A review of the literature found that estimated blood loss during 

RRP ranged from 0.4 L to 1.0 L in the 1990s, and blood transfusion rates declined from 

68-89% in the late 1980s to 1-3.5% in the late 1990s.34  As a quality indicator, both 

Miller et al.15 and Krupski et al.16 found that operative blood loss data could be feasibly 

obtained from paper and electronic medical records as well as clinical databases.  

However, the use of blood transfusions as a process quality indicator has not been 

assessed in the RAND follow-up studies,15-17 since it was not recommended by the 

RAND group.10 

 

2.6.4 Length of hospital stay 

 The length of hospital stay may be reflective of surgical complications, for 

patients who have no problems should be discharged sooner than those who experience 

more complications.  According to Klein,54 the most important antecedents for 

successfully reducing length of hospital stay after RRP occur during surgery, where 

reduced blood loss and shortened operative time limit the need for anesthetic agents, 

opioids, and intravenous fluid, resulting in less sedation, less third-space fluid loss, and 

earlier return of bowel function.  In a 5% random sample of Medicare beneficiaries who 

underwent radical prostatectomy from 1991-1998 in the U.S., the mean length of stay 

decreased from 8.1 to 5.1 days.50  This might reflect improved quality of surgery over the 

years.  It could also reflect the general push to decrease length of hospital stays over 

time,51,54 which could make temporal comparisons problematic.  In the Australian study 

by Ansari et al., mean length of stay for TURP was also found to decrease from 1989 to 
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1995, and length of stay was significantly associated with acute complications, which is 

known to be related to surgical skill.51  The feasibility of this outcome quality indicator 

has not been assessed by CCO49 or by any of the RAND follow-up studies.15-17 

 

2.6.5 Nerve-sparing surgery 

 The nerve-sparing or anatomic radical prostatectomy technique introduced by 

Walsh and Donker involves the removal of the prostate with controlled hemostasis to 

allow visualization of the neurovascular bundles of the corpora cavernosa and the urethral 

sphincter mechanism.55  The preservation of one or both neurovascular bundles can 

reduce erectile dysfunction rates after surgery without compromising the surgeon’s 

ability to eradicate the cancer.6,37,55-57  A recent review found that sexual potency was 

preserved in 31-86% of men with organ-confined disease after bilateral nerve-sparing 

RRP, whereas only 13-56% recovered erectile function after receiving a unilateral nerve-

sparing procedure.  In comparison, the potency rate was 11-40% in general urological 

practice irrespective of operation technique.56  Erectile function rates are also higher 

when the nerve-sparing technique is used in academic vs. non-academic or community 

series, which suggests that the skill and experience of the surgeon is an important factor 

in obtaining good results even with better techniques.55,56   

 The use of nerve-sparing surgery also generally implies that other aspects of the 

surgery are performed with more care, including the preservation of the nerves that 

supply the external sphincter mechanism.  A good dissection at the apex of the prostate 

can prevent injury to this neurological supply, which is important for urinary continence.  

While improved continence rates have been observed with the use of nerve-sparing 
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surgery, the evidence is not as strong as for the recovery of erectile function.  This is 

likely because the apical dissection is the most difficult part of the operation to learn and 

requires a high level of surgeon skill in order for patients to benefit in terms of their 

urinary function.36,55,57 

 The use of nerve-sparing surgery was not recommended by the RAND or CCO 

panels as a process quality indicator.9,14  While the CCO panel felt that it was an excellent 

indicator of quality, they thought that it should only be used with adjustment for patient 

and disease characteristics.58  Indeed, the successful application of fine details of this 

surgical technique have been shown to increase the recovery of continence and erectile 

function after radical prostatectomy.2,17,36,37,55,56,59-61  Thus, one could consider the use of 

nerve-sparing surgery, which is relatively easy to ascertain from operative reports, as a 

proxy for calculating these two adverse event rates directly in a context where the late 

morbidity data are unavailable.   

 

2.6.6 Urinary incontinence and erectile dysfunction 

 Urinary incontinence and erectile dysfunction are the most widely reported causes 

of morbidity following surgery and they can have severe impact on a patient’s quality of 

life.3  Wide variations in the rates of these two adverse outcomes have been reported over 

a number of population-based surveys, although rates are typically low for those who 

received care from experienced surgeons.2,35,36,62  A review of the literature has found 

incontinence rates ranging from 0.3-65.6%, and erectile dysfunction rates from 11-87%.36  

Many reasons have been proposed to explain this wide variation in rates, including 

differing methods of data collection, lack of consensus on the duration of follow-up and 
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on the definitions of the conditions, data derived from the comparison of single vs. multi-

institutional studies, patient selection methods, inclusion of patients that were incontinent 

or had no erectile function prior to surgery, and variation in patient age, comorbidities, 

disease severity across studies.3,6,35,36,60,61,63  Most importantly, however, variations in the 

use of the surgical techniques described above may be the most important factor 

accounting for the wide variation in rates.37,60   

 In the quality indicator literature, the RAND expert panel opinion was that the 

feasibility of using their indicator “Patient assessment of their erectile dysfunction and 

urinary incontinence using a reliable, validated survey instrument” was variable 

depending when and where it is used.10  Both Miller et al.15 and Krupski et al.16 found 

that these were feasible as quality indicators when assessed through patient 

questionnaires.  However, they found that this information could not be obtained from 

administrative documents or charts.16  Accordingly, Miller et al. suggested that the use of 

these potential outcome indicators of quality of care must include the use of a validated 

instrument.15  Contrary to this advice, with an aim to evaluate quality Hu50 identified 

urinary incontinence and erectile dysfunction using the procedure and diagnosis codes 

found in electronic medical claims data, which are subject to numerous limitations 

including coding errors, changes in coding standards, and underreporting of events.  The 

only meaningful trend these investigators found was a decline in the diagnosis code 

identified 3-year incontinence rate from 20% in 1991 to 4% in 1995.  While age, region, 

time, and race were adjusted for, other important covariates were not considered.  On the 

whole, the use of electronic claims data does not seem to be the ideal method to 

effectively evaluate the incidence of urinary incontinence and erectile dysfunction.  We 
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believe that these sensitive topics are not always brought up by the doctor and/or the 

patient at follow-up, and therefore are not diagnosed or treated.  Consequently, these 

complications are not recorded in charts or subsequently coded into electronic data.  In 

addition, the presence of incontinence recorded in claims data has been compared to 

patient questionnaire responses and the sensitivity was found to be low (39%), limiting 

the ability of claims data to detect true variations in rates.18 

  

2.6.7 Positive surgical margins and pathology reporting 

 Positive surgical margins are generally defined as the presence of neoplastic cells 

in contact with the ink on the margin of the tissue removed during surgery and sent to the 

pathologist for analysis.  It suggests the presence of residual disease and increases the 

risk of biochemical recurrence.64,65  In a multivariate analysis, two-year PSA failure rates 

were higher (45-55%) for patients with positive surgical margins compared to those with 

clear margins (11-25%).64  The incidence of positive surgical margins is affected by 

disease severity, differences in specimen processing, and surgical skill.64,65  The careful 

use of surgical modifications, such as those described by Alsikafi and Brendler in 1998,66 

have later been shown to reduce positive margin rates.67  While considerable variation in 

rates has been found among different surgeons, experienced surgeons do tend to have 

lower rates.64,65  Video analysis has shown that many positive surgical margins are due to 

technical errors such as a capsular tear during neurovascular bundle dissection.68  For 

these reasons, positive surgical margins should be an excellent outcome indicator of the 

quality of surgical care.  Although it was considered by both panels, it was not ultimately 

recommended by either group.10,14,58  The CCO panel felt that positive surgical margins 
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was an important indicator of quality but interpretation can vary by pathologist, and 

results could be easily misinterpreted if not adjusted for confounders.58  Since we are able 

assess covariates, it is included here. 

The documentation of surgical margin status has been evaluated and assessed as a 

process quality indicator.  Miller et al.17 evaluated the presence of surgical margin status 

documentation in the surgical pathology reports, not the actual status itself, as a quality 

indicator and found that 93.5% of reports were compliant.  The completeness of 

pathology reporting is also currently reported in the Cancer System Quality Index 2007.  

CCO has adopted the standards recommended by the College of American Pathologists, 

which among other elements must include a statement of margin involvement or 

uninvolvement, and a statement of the name(s) of the involved margin(s).  In the May-

June 2006 audit timeframe, 91% of radical prostatectomy reports contained all the 

elements required, a rise from 88% in 2005, with some variations by LHINs.49 

 

2.6.8 PSA levels after surgery 

 Post-surgical PSA levels are important outcomes for evaluating quality of care as 

they are indicators of disease control and the risk of recurrence.6,9,35  After radical 

prostatectomy, PSA levels in the blood should decline to undetectable levels within four 

to six weeks if all PSA-producing prostate cells were removed during surgery.9,69  Most 

contemporary series use an undetectable threshold level of > 0.2 ng/mL, although 

thresholds ranging from 0.1-4.0 ng/mL have also been used.70  The measurement of PSA 

levels is the most sensitive way of detecting cancer recurrence many months or years 

before symptoms or radiographic evidence appear, and thus is an intermediate endpoint 
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commonly used to measure the success of prostate cancer treatments.9  In a surgical 

series using the nerve-sparing technique, an undetectable nadir defined as <= 0.01 ng/mL 

was found to be an excellent prognostic factor of biochemical recurrence, with only 3% 

of patients with undetectable PSA relapsing compared to 75% among those with 

detectable PSA post-surgery.70  As a quality indicator, undetectable PSA in the first test 

after surgery has not been tested for its feasibility.  However, data for a related indicator, 

three consecutively increasing PSA values after treatment, could be feasibly found 

through detailed chart review.15 

 

2.6.9 Biochemical disease-free survival 

Biochemical recurrence occurs when serum PSA rises to a detectable level after 

falling to undetectable levels post-surgery,69 and is defined by the British Columbia 

Cancer Agency as two successive increases in serum PSA to a level > 0.3 ng/mL.5  Some 

published studies also consider the institution of secondary therapy as a sign of 

relapse.71,72  In large radical prostatectomy series, 5-year biochemical recurrence rates 

ranged from 70-87%, and 10-year rates ranged from 52-68%.35   

Biochemical disease-free survival is an important outcome for evaluating quality 

of care because it is the preferred surrogate marker for cancer control and survival after 

radical prostatectomy, and has been widely validated as such.9,35  Since treatment 

approaches are evolving rapidly, long-term disease-free survival data are irrelevant by the 

time the data are collected and analyzed because they represent the outcomes of 

treatments that have been substantially revised or are no longer in use.9  There is also 

some question about the prognostic value of biochemical disease-free survival, as it does 
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not always imply that a clinically significant cancer relapse will follow.9  While it was 

recommended by both panels,10,14 there has not been any subsequent reference to 

biochemical disease-free survival in other radical prostatectomy quality indicator 

literature. 

 

2.7 Testing the convergent construct validity of quality indicators 

 The next step in the development of recommended process and outcome 

indicators is to evaluate their validity in an Ontario population using high quality medical 

chart data, adjusting for the effects of disease severity, comorbidity, and other covariates.  

Although a reference standard with which to evaluate the validity of quality indicators is 

not available, we do know that higher volume generally indicates better overall quality of 

care.  Therefore, volume may be used as the best tool available to test the validity of 

candidate quality indicators through the test of convergent construct validity, which 

determines whether two instruments proposed for measuring the same unobservable 

construct agree with each other.26  That is, if higher volume hospitals perform better on 

the quality indicators of interest, then it demonstrates that both instruments are measuring 

the underlying concept of quality. 
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CHAPTER 3:  METHODS 
 

3.1 Study purpose and objectives 

 The study purpose was to test the construct validity of radical prostatectomy 

quality indicators by assessing their associations with hospital volume for prostate cancer 

patients treated with radical prostatectomy in Ontario.  The objectives were: 

(1) To assess variations in quality indicators by hospital volume. 

(2) To investigate whether selected explanatory variables account for some of the 

variation observed in Objective 1. 

 

3.2 Study design 

 This was a retrospective cohort study, which allowed for the examination of 

multiple surgical quality indicators.  The study population was assigned to hospital 

volume categories representing the number of radical prostatectomies performed in their 

treating hospital during the year they received surgery, and followed after treatment for 

the outcomes that defined the quality indicators of interest.  For Objective 1, each quality 

indicator for which we had sufficient and valid data was analyzed to determine the 

association between hospital volume and the quality indicator outcome.  For Objective 2, 

we examined how these relationships changed with the consideration of explanatory 

variables (Figure 3.1). 
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Quality indicatorsHospital volume

Explanatory variables

 
Figure 3.1: Conceptual framework 
 

3.3 Data collection overview 

Study subjects were previously identified and extensive data collected on them as 

part of a larger case-cohort study designed to examine the role of comorbidity on early 

death after prostate cancer treatment and to compare the outcomes of radiotherapy and 

radical prostatectomy treatments.  Dr. Groome was the Principal Investigator of that 

parent study and Dr. Siemens was a clinical co-investigator.  Only the sub-cohort group 

in the larger case-cohort study was examined here. 

For the parent study, subjects were identified through a cancer treatment database 

housed at the Division of Cancer Care & Epidemiology (CCE) at the Queen’s Cancer 

Research Institute.  The CCE database links Ontario Cancer Registry (OCR) records with 

Canadian Institute for Health Information’s (CIHI) Discharge Abstract Database (DAD), 

along with Cancer Care Ontario (CCO) radiotherapy treatment data and Canadian census 

area-level socioeconomic status (SES) indicators, thereby enhancing the data present in 

the OCR alone.73,74 
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Extensive data were collected on the study subjects during the larger study.  

Under the direction of the study coordinator, health care providers trained as data 

abstractors reviewed detailed hospital and cancer center medical charts, with subsequent 

missing data sought from other sources.  Along with relevant CCE database elements, 

abstracted chart data was acquired from the already completed electronic study database 

and used for data processing, exploration, and analysis.  Please refer to Appendix I for 

selected pages of the medical chart abstraction form. 

 

3.4 Study population 

The study population consisted of a stratified random sample of patients 

diagnosed with prostate cancer from 1990 to 1998 in Ontario who were treated by radical 

prostatectomy with curative intent within six months of diagnosis.  This was defined in 

the parent study, using the electronic CCE database. 

Data collection of 150 randomly selected patients from each of the 8 Ontario 

Regional Cancer Center (RCC) catchment areas was planned to create the sub-cohort 

group.  This ensured that the study population spanned the province and allowed for 

representative region-specific analyses.  However, this frequency was doubled when 

sampling Central East RCC to account for increased population density and heterogeneity 

of patients seen.  Also, there was over-sampling of sub-cohort members in the smaller 

cancer centers due to small numbers of prostate cancer mortality cases, which was 

another group targeted by the larger study but not of interest here. 
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 There were 45,035 men diagnosed with prostate cancer from January 1, 1990 and 

December 31, 1998 in Ontario, as indicated by the ICD-9 diagnosis code of 185 (prostate 

cancer)75 in the Ontario Cancer Registry.  Among these patients, surgical procedure codes 

recorded in the Discharge Abstract Database were used to identify patients admitted into 

hospital for radical prostatectomy within six months of diagnosis.  This found 7,407 

patients who received surgery, 7,921 patients who had lymph node dissection (potentially 

abandoned surgical cases), and 70 patients with aborted surgery.  Because of overlap 

between these three groups of patients, the total ‘surgical treatment’ group came out to 

10,293 patients.  Together with 9,524 men who received high dose (curative) 

radiotherapy within six months of diagnosis, the resulting sampling frame of the parent 

study consisted of 17,934 men.  Again, this number was less than the total of the surgical 

and radiotherapy groups because some patients received both treatments. 

 Through the stratified random sampling procedure detailed above, medical chart 

data was collected for 2,740 patients, 1,703 of whom formed the sub-cohort group.  After 

the medical chart abstraction process, it was confirmed that 661 of these patients had 

actually received surgery as curative treatment.  Therefore, these patients made up the 

initial dataset for this study.  This process of subject selection is detailed in Figure 3.2. 

We used the sub-cohort group for analyses, as this group was created through 

random sampling of the RCCs.  The cases were not of interest here as they only consist of 

patients who died after surgery of other causes or from prostate cancer.  It should be 

noted that due to the case-cohort design, some of the cases were included in the sub-

cohort group.  It is due to this overlap that the total number of charts abstracted is less 

than the total number of cases and sub-cohort patients. 
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 During the data collection and chart abstraction process, some of these 661 

patients were excluded if they were not residents of Ontario, their surgery was aborted or 

if there was insufficient information available on a patient (i.e. only pathology or 

histology reports were found).  They were also excluded if the chart abstracted surgery 

date was greater than 190 days (six months + one extra week to allow for the time 

between hospital admission and surgery) after the date of diagnosis.  Two patients were 

excluded due to insufficient information and 14 were excluded because the surgery date 

exceeded 190 days following diagnosis.  Therefore, the final study population was 645. 
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Figure 3.2: Derivation of the study population 

17 934 
Admission to hospital for surgery (radical 
prostatectomy, lymph node dissection, or 

aborted surgery procedure codes) or 
radiotherapy within 6 months of diagnosis 

2 740 
Charts abstracted on a  

stratified random sample  

1 703 
Sub-cohort 

1 222 
Cases 

661 
Received radical 

prostatectomy 

Other treatments received: 
 35 lymph node dissection 
 959 radiotherapy 
 48 received no treatment 

645 
Final study 
population 

16 
Exclusions 

45 035 
All prostate cancer patients 

diagnosed 1990-1998 

 



3.5 Data quality and validity 

3.5.1 Medical chart abstraction 

 In the medical chart data abstraction procedure, the treating hospital chart was 

reviewed first.  Where available, cancer center charts were also reviewed in order to 

provide a greater depth of information about patients.  If these two sources did not 

provide sufficient initial information or post-treatment follow-up, other charts were 

pursued, including those from secondary hospitals, urologists, and general practitioners.  

The use of multiple sources of patient information was also beneficial in allowing the 

verification of overlapping data elements. 

 The data abstractors were trained and monitored by the study coordinator.  They 

were provided with a manual describing the variables to be measured and details 

regarding their abstraction, and were trained in-house by the study coordinator using 

previously abstracted patient charts and standardized abstraction forms.  During the 

training period, abstractors completed multiple individual and group practice sessions 

with discussions and debriefings of their performance.  After training, the data abstractors 

performed the data abstractions at the site of record storage (i.e. Regional Cancer Centers 

and hospitals).  Photocopies of some pertinent sections of patient records were made by 

the abstractors and retained under locked storage at the Division of Cancer Care & 

Epidemiology for future reference.  All of the information acquired was entered directly 

into an electronic database, in Microsoft Access format, using Medquest software.76 
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While no formal inter-rater or intra-rater reliability tests were performed, a 

number of measures were taken to standardize the abstraction procedure and minimize 

errors.  The abstractors must have achieved 100% reliability on key study variables 

before they were sent into the field.  Major errors in these key variables were reconciled 

with further training, remediation, and modification of the abstraction manual.  

Furthermore, the study coordinator made site visits and performed on-site reabstractions 

during the data collection process.  Also, abstracted data was checked weekly for 

completeness and errors. 

It should be noted that the medical chart abstraction form and the data collection 

process used were based on the results of a pilot study, which confirmed that the key 

variables essential to the parent study were available in the charts and that it was possible 

to access general hospital charts in a timely fashion. 

 

3.5.2 Electronic data 

 The Ontario Cancer Registry, a key source in the CCE database, has been found 

to capture information on at least 97% of all incident cancer cases diagnosed.77,78  

Therefore, given its completeness, the OCR was an excellent source for creating a sample 

of study subjects.  In addition, the OCR date of diagnosis, date of death, and vital status 

were used to calculate the survival variables.  Their use was preferred over the use of the 

corresponding variables obtained through chart abstractions.  For date of diagnosis, the 

chart data were as good or better as the OCR data, but the OCR date of diagnosis was 

used because it all came from the same source of pathology reports.  Date of death and 

vital status was not sought after in the charts because the OCR undergoes a death 
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clearance using death certificate data from the Registrar General of Ontario.  The only 

concern with the registrar data were the patients who moved out of province after prostate 

cancer diagnosis, because even if they died, they would still be considered alive by this 

source.  However, this number was likely to be very small.  

 The CCE database contains, through the CIHI Discharge Abstract Database, 

hospital discharge data for cancer patients whenever a diagnosis of cancer is recorded.  

By 1995, CIHI was receiving reports on all hospitalizations in Ontario, including records 

of all surgical procedures.  Prior to that period, the number of radical prostatectomies 

missed should have been very small.  Although data quality control is extensive and 

occurs at several different levels, DAD data quality documentation for 2001-2002 

indicated that in comparison with medical charts, 7% discrepancies were found for the 

principal procedure recorded for the hospital stay and 19.7% for other procedures.79  The 

patients included in this study did receive radical prostatectomy (i.e. true positives), since 

this was confirmed during the chart abstraction process.  However, false negatives who 

were incorrectly coded as not having received prostatectomy in the DAD would have 

been missed and not included when deriving the study sample, thereby potentially 

causing some selection bias.   

 

3.6 A priori study variables 

 A subset of the quality indicators recommended by Cancer Care Ontario14 was 

selected for investigation a priori (Table 3.1).  Included quality indicators were those 

influenced by surgeon skill and for which data was abstracted in the parent study. 
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In addition, two other possible quality indicators for investigation were developed 

a priori and are listed in Table 3.2.  Positive surgical margins and the use of nerve-

sparing surgical techniques were thought by the CCO panel to be excellent indicators of 

quality, but could be easily misinterpreted without adjustment for patient and disease 

characteristics.58  Since we are able to make these adjustments, we retained the option of 

using these two indicators as proxies for some of the CCO recommended quality 

indicators, in the event that those recommendations could not be analyzed.  Both post-

surgical PSA levels and positive surgical margins are indicators of disease control and 

risk of recurrence following surgery,6,35,64,65 and the use of a nerve-sparing surgical 

technique is known to reduce the incidence of urinary incontinence and erectile 

dysfunction after surgery.7,29,35-37,60  

To ensure that variations seen in surgical quality indicators by hospital volume 

were not due to other factors that might have influenced the rates of adverse outcomes 

following radical prostatectomy, we examined eight such explanatory variables (age, 

comorbidity, year of diagnosis, socioeconomic status, surgical approach, pre-treatment 

PSA level, clinical T category, and biopsy Gleason score).  The analysis considered 

whether the inclusion of each of these variables reduced or otherwise changed the 

volume-quality associations seen.  This could be used to provide advice to urologists by 

suggesting reasons why specific volume groups had worse outcomes.  Evidence for the 

selection of these covariates is given in Table 3.3. 
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Table 3.1:  List of quality indicators recommended by Cancer Care Ontario
 

 
Quality indicators selected for investigation a priori 

Proportion of prostate cancer patients with acute surgical complications: 
 Blood loss of 2.0 L or greater 
 Rectal injury 
 Cardiovascular complications such as coronary heart disease, myocardial infarction, 

heart failure, or pulmonary edema 
 Proximal deep vein thrombosis / pulmonary embolism 
 Infection 
 Placed on long term anticoagulant therapy 

 
Proportion of prostate cancer patients with length of stay greater than four days following 
radical prostatectomy 
 
Proportion of patients undergoing prostate cancer surgery who experience loss of potency, 
incontinence, or undergo procedures for bladder neck contracture or stenosis 
 
Proportion of prostate cancer patients whose PSA level is undetectable at first follow-up  
 
Biochemical disease-free and overall survival at 5, 10, and 15 years after primary treatment 
with radical prostatectomy 
 
 
Quality indicators not selected for investigation a priori 

Proportion of patients with low risk prostate cancer who report they were informed about 
treatment options and adverse effects, and with documentation of involvement in treatment 
decision 
 
Proportion of prostate cancer patients assessed after treatment for voiding function and 
potency 
 
Proportion of prostate cancer patients dying without cancer less than five years after surgery  
 
Proportion of cancer patients with clinically low risk disease age 75 or greater who undergo 
radical prostatectomy  
 
Proportion of needle biopsy pathology reports for prostate cancer patients meeting Canadian 
national standards  
 
Proportion of patients having undergone definitive therapy for prostate cancer who are 
followed at least twice in the first year and then at least annually thereafter 
 

    Source: Gagliardi et al.14 
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Table 3.2:  A priori list of other quality indicators for possible investigation 
 

 
Proportion of prostate cancer patients with positive surgical margins following radical 
prostatectomy 
 
Proportion of prostate cancer patients who received radical prostatectomy with a nerve-
sparing surgical technique 
 

 
 

Table 3.3:  A priori list of explanatory variables to be investigated 
 

Explanatory variable Evidence for relationship with surgical quality indicators 
 
Age 

 
Decline in general health with age may increase the risk of adverse 
outcomes:  i.e. age has been shown to be related to acute 
complication, incontinence, and erectile dysfunction rates2,52,60,62 
 

Comorbidity Due to competing risks, patients with many comorbid conditions 
tend to have worse surgical outcomes:35  i.e. comorbidity is 
associated with acute complication rates52 
 

Year of diagnosis Improved techniques6,35 might explain better results in later years: 
i.e. as seen for acute complications51,53 
 

Socioeconomic status 
(SES) 

SES may impact the patient’s ability to cope with treatment, which 
could be reflected in post-surgical outcomes: i.e. SES might be a 
risk factor for prostate cancer progression and death80 
 

Surgical approach There may be slight differences for some outcomes depending on 
the surgical approach used:  i.e. retropubic approach has been found 
to lead to more blood loss, rectal injury, incontinence, and longer 
hospital stay, while the perineal approach has been found to lead to 
higher rates of erectile dysfunction6,7,81 
 

Disease severity: 
 Pre-treatment 

PSA level 
 Clinical stage 
 Biopsy Gleason 

score 
 

 
Patients with more severe disease tend to have worse outcomes:  i.e. 
these descriptors of disease severity are commonly used to predict 
the risk of post-surgical outcomes such as PSA recurrence and 
prostate cancer death30,31,70,82 
 

Post-surgery 
hormone therapy 

Evidence from randomized trials indicates that while neoadjuvant 
hormone therapy does not alter PSA recurrence rates,83 disease 
recurrence rates are lower for patients who receive hormone therapy 
post-surgery84 
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3.7 Data processing and exploration 

 All data processing and statistical analyses were performed using SAS (Statistical 

Analysis Software), version 8.2.85  Sections 3.7.1 to 3.10.3 describe the data processing 

and exploration that was completed in order to develop variables for analysis.  If it was 

decided that it was not possible to proceed with statistical analysis, the reasoning was 

described.  Any relevant tables and univariate statistics for the variables being developed 

can be found in Appendix II. 

 

3.7.1 Diagnosis and surgery dates 

 Although not direct quality indicators or explanatory variables themselves, the 

dates of diagnosis and surgery are important pieces of information that were used to help 

process and define many of the study variables.  Therefore, work was done to create 

clean and accurate diagnosis and surgery date variables.  Even though diagnosis dates 

were abstracted from the charts, the OCR date of diagnosis was used for the reason 

described previously (Section 3.5.2).  On the other hand, surgery dates were not available 

from the Discharge Abstract Database, which only recorded date of hospital admission 

for the surgical procedure.  Therefore, the date of surgery was defined using the charts by 

reviewing surgical reports and doctor’s notes.  Both the OCR date of diagnosis and the 

chart-abstracted date of surgery were 100% complete in the final study population. 
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3.8 Quality indicators 

3.8.1 Acute complications 

  We were limited by the information captured on the medical chart abstraction 

form (Appendix I).  From the list of acute complications suggested by CCO for use as 

quality indicators (Table 3.1),14 only rectal injury, myocardial infarction, and 

thromboembolism (another term for proximal deep vein thrombosis / pulmonary 

embolism) were abstracted.  Furthermore, statements of blood loss were not captured, as 

they were deemed too variable and subjective by the investigative team that developed 

the surgical abstraction form.  However, units of blood transfused were abstracted, and 

were assessed as a surrogate for blood loss.  Additionally, we decided to include deaths 

as another acute complication of interest.  Although this was not recommended by the 

Ontario panel, it was listed by RAND as a potential quality indicator10 and is currently 

reported in the Cancer System Quality Index 2007.49  We felt that neglecting to include 

deaths would provide an incomplete picture of acute post-surgical outcomes.   

 Abstracted acute complications were captured if they occurred during or within 

90 days after surgery, with the exception of myocardial infarction, which was only 

captured up to seven weeks post-surgery.  To be consistent with the 90 day time frame 

used on the abstraction form, deaths were captured if they occurred within 90 days after 

surgery.  Deaths were identified using the OCR vital status and date of death fields from 

the CCE database.  Total units of blood transfused were initially calculated by adding the 

units of blood given during and after surgery.  
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 The frequency distributions of these acute complications are presented in Table 

II.1.  The rates of rectal injury, myocardial infarction, thromboembolism, and death 

within 90 days after surgery were low, ranging from 0.5-2.2%.  In each case, the 

frequency of unknowns was greater than the frequency of events (1.2-28.1%).  In 

contrast, the rate of any blood transfusion was 58.6%, with no missing values.  Because 

of its much higher event rate, blood transfusions were developed into a separate study 

variable.  To increase the number of events, the remaining acute complications were 

grouped into a summary study variable, where any indication of an event occurring was 

coded as ‘Yes’ and otherwise was coded as ‘No’, with those with an ‘unknown’ 

assignment assumed to have not experienced the event.  This definition yielded 29 

events, or a 4.5% acute complication rate. 

Since we have blood transfusion rather than blood loss data, it was not possible to 

use CCO’s recommended cut-point of 2.0 L blood loss or greater for dichotomizing blood 

transfusion.  We felt that 1-2 units of total blood transfused is related to mild to moderate 

blood loss, and it is usually expected during radical prostatectomies that this amount 

would be transfused.  However, total blood transfusions of three units or greater are 

considered an excessive amount of blood to use, and therefore, our variable for blood 

transfusions was defined as such.  In the study population, 24.5% of the patients received 

three or more units of blood (Table II.1). 
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3.8.2 Length of hospital stay 

 Although CCO recommended that a length of hospital stay greater than four days 

following radical prostatectomy is an indicator of poor surgical care in 2005,14 we did not 

think that it was an appropriate cut-point to use for the era in which the patients in our 

study population were treated (1990-1998).  This is supported when the frequencies for 

length of hospital stay were examined, with 81.4% of patients that stayed in hospital for 

longer than four days and only 15.3% that stayed for 4 days or less (3.3% missing data).  

Instead of arbitrarily defining our own cut-point, we decided to treat length of hospital 

stay as a continuous variable.  We compared the mean and median for the length of stay 

variable and found that the data was sufficiently normally distributed to allow for the use 

of parametric analysis. 

 

3.8.3 Urinary incontinence and erectile dysfunction 

For the CCO quality indicator “Proportion of patients undergoing prostate cancer 

surgery who experience loss of potency, incontinence, or undergo procedures for bladder 

neck contracture or stenosis,”14 we found that only erectile dysfunction (potency) and 

urinary incontinence data were collected (Appendix I).  We proceeded to explore these 

available data in detail. 
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3.8.4 Urinary incontinence: Data processing and exploration 

 The chart abstraction form included questions that attempted to collect data on 

urinary incontinence before and after surgery.  In the prostate project abstractor’s manual, 

a patient was considered to be continent if they were “dry” or only had “occasional” 

incontinence.  We examined incontinence rates prior to surgery, to ensure that we were 

not wrongly attributing an unfavourable outcome to the surgery when the condition was 

already present prior to the procedure.  As shown in Table II.2, only 17 patients (2.6%) 

were noted to be incontinent prior to surgery.  Among these patients, four were noted to 

be continent and six incontinent > 90 days following the cessation of initial treatment, 

and the continence status of the remaining seven subjects was unknown.  Given this fairly 

well distributed and rather low number of events, we decided that it was not necessary to 

consider prior status in developing the incontinence study variable. 

 Post-treatment incontinence experience was simply defined based on a question 

on the abstraction form that asked if incontinence was present > 90 days following the 

cessation of initial treatment.  Incontinence that was resolved prior to 90 days following 

treatment was not recorded as an event, since problems with urination frequently arise 

after radical prostatectomy.  It was not possible to use the more detailed questions on the 

abstraction form (i.e. degree of severity, treatment, number of pads used per day, and 

wetness of pads), due to missing information among those known to be incontinent.  We 

found that even using this simplest of definitions, post-treatment incontinence status was 

unknown for 32.3% of our study population (Table II.2).   
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3.8.5 Erectile dysfunction: Data processing and exploration 

 Similarly to urinary incontinence, a series of questions on the abstraction form ask 

about the presence erectile dysfunction before surgery and > 90 days following the 

cessation of initial treatment.  In the abstractor’s manual, erectile dysfunction was defined 

as the inability to initiate and maintain an erection for the purpose of sexual intercourse.  

When we examined erectile dysfunction rates prior to surgery, 13.5% of the sample was 

noted to have erectile dysfunction, and erectile status was unknown for 48.4% of the 

sample (Table II.3). 

Despite the high rate of unknowns, we used the information on pre-surgical 

erectile dysfunction in developing the study variable for post-treatment erectile 

dysfunction, which was created by combining data from some of the more detailed 

questions on post-treatment function.  Subjects were categorized as unknown if no data 

on post-treatment erectile function was present, and as having pre-treatment erectile 

dysfunction in accordance with the pre-surgical variable.  Otherwise, subjects were 

considered to have erectile dysfunction if they: (i) used aids to achieve and/or maintain an 

erection for the purpose of sexual intercourse (Viagara, injections, penile implant, etc.); 

and/or if there was: (2) a verbatim description of erectile dysfunction post-treatment (see 

Table II.4 for a breakdown of how the statements were categorized).  Despite this work, 

post-treatment erectile function was unknown for 55.7% of the sample.  Since erectile 

function tends to be a sensitive topic for both patients and physicians, it is possible that 

the unknowns might represent patients for which erectile status was simply not 

mentioned or assessed during follow-up appointments. 
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3.8.6 Urinary incontinence and erectile dysfunction: Data quality issues 

 We sought further explanation of the high percentages of unknown status for 

incontinence and erectile dysfunction from the study coordinator.  There were three main 

reasons why this occurred. Firstly, there was limited follow-up for patients with no 

further hospitalizations recorded in the CIHI Discharge Abstract Database.  Without 

subsequent hospitalizations, for which urinary incontinence and erectile dysfunction does 

not necessarily require, there were no secondary hospital charts available to provide 

further information. Secondly, at least five high volume urologists refused to provide 

access to their patient charts.  In two of these cases, the urologists treated most or all 

prostate cancer patients in their areas.  As a result, follow-up data for patients from entire 

areas is missing, and we were concerned that there may be systematic differences 

between the urologists who consented and those who declined chart access. Thirdly, 

Ontario experienced the SARS outbreak during the data collection period of the larger 

study, which virtually eliminated any further opportunities to access secondary hospital 

or physician records to obtain data missing from already abstracted primary charts before 

the end of the data collection period.  To improve the follow up information needed for 

the parent study, the study coordinator and her staff sought information from treating 

physicians and/or family doctors on a minimal list of key variables.  This list did not 

include incontinence and erectile dysfunction status. Given the large number of 

unknowns, many of which are due to inadequate access to chart information post-

treatment, our rates of post-treatment urinary incontinence and erectile dysfunction are 

not meaningful.  Therefore, these variables were excluded from statistical analysis. 
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3.8.7 Nerve-sparing surgery 

 Urinary incontinence and erectile dysfunction are very important post-surgical 

outcomes.  They could not be analyzed directly, but since the use of a nerve-sparing 

surgical technique is known to reduce the incidence of urinary incontinence and erectile 

dysfunction after surgery,7,29,35-37,60 we decided to examine nerve-sparing surgery, noted a 

priori as a possible quality indicator for investigation (Table 3.2), as a proxy for the 

related post-surgical outcomes.  Patients were categorized as having received nerve-

sparing radical prostatectomy if the use of this technique was considered and performed.  

Patients were categorized as having received non-nerve-sparing surgery if the technique 

was considered and not performed, or not considered at all.  It was unknown whether the 

technique was used for 7.1% of the population. 

 

3.8.8 Positive surgical margins 

 We listed positive surgical margins in Table 3.2 as a quality indicator that may 

possibly be investigated, as it is also an indicator of disease control following 

surgery.6,64,65  Since it was not possible to proceed with the CCO recommended indicator 

of disease control, undetectable PSA at first follow-up, we processed data abstracted from 

pathology reports after surgery (Appendix I) to create a positive surgical margins study 

variable.  Patients were classified into one of four categories based on comments found 

on the pathology reports (Table II.5).  In the case where multiple comments were made, 

the most extensive or specific involvement was used.  With the resulting study variable, 

there are only three patients (0.5%) for which we have no pathology report data.  While 

margin status was unknown for 74 (11.5%) patients, this was not because we did not have 
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their surgical pathology reports.  It was because the pathologists writing the reports made 

no reference to margin status.  Therefore, we decided to proceed with statistical analysis 

for positive surgical margins. 

 

3.8.9 Undetectable PSA levels at first follow-up 

 The levels and corresponding dates of serum PSA tests following surgery were 

recorded during the medical chart abstractions (Appendix I).  However, there were 

several issues with the quality and availability of data for this indicator.  Firstly, we had 

no record of any post-surgery PSA testing for 25.9% of patients.  Much of this was likely 

due to missing follow-up as described previously.  Secondly, because patients may have 

been initially seen in a doctor’s office post-surgery, the completeness of the hospital 

charts that we based most of our data collection on was variable. That is, the first PSA 

test that was abstracted may not necessarily have been the first test performed after 

surgery.  Thirdly, 37.4% of the PSA values could only be classified as undetectable since 

they were below the minimum sensitivity of the PSA tests being used, which ranged from 

0.04 to 4.0 ng/mL.  In the case of less sensitive tests, however, the actual PSA level might 

have been quite high, although it is impossible to tell based on the data we have.  For 

these reasons, we decided to exclude this quality indicator from statistical analysis. 
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3.8.10 Biochemical disease-free survival 

 CCO’s recommended quality indicator for survival was “Biochemical disease-free 

and overall survival at 5, 10, and 15 years after primary treatment with radical 

prostatectomy.”14  However, the consistency of PSA testing varies, and thus we 

developed censoring and time-to-event variables in preparation for overall disease-free 

survival analysis instead.  Although biochemical recurrence should always precede local 

failure detected by other means, as well as regional failure and distant failure, infrequent 

PSA testing might have resulted in other types of failure being identified first. 

 The variables used for 5-year disease-free survival analyses were defined as 

follows.  The censoring date was 31 December 2001, the last date for which we have 

complete OCR vital statistics information, or five years after the date of surgery, 

whichever came first.  Events occurring past the censoring dates were not counted.  

Patients noted on the abstraction form (Appendix I) as having residual disease at the 

completion of initial treatment were assigned the date of surgery as the failure date.  For 

patients whose disease recurred, the earliest failure date was recorded and they were 

assigned to the censoring category corresponding to how they failed first (positive 

biopsy, positive digital rectal examination, PSA >=0.5 ng/mL or any statement of PSA 

failure in the chart, regional failure, distant failure, or death).  Deaths were assessed using 

the OCR vital status and date of death variables from the CCE database but, to ensure 

that we did not miss recurrent events, deaths were only counted if there was evidence of 

follow-up within the 18 months prior to the date of death otherwise, recurrence 

information was considered missing.  Similarly, patients noted to have no residual or 

recurrent disease were only considered as censored if they were followed up within 18 
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months prior to 31 December 2001.  Otherwise, their recurrence data was also considered 

missing. 

Table II.6 presents the frequencies of the resulting recurrence variable, which had 

188 patients with missing survival data (29.2%).  Although not as extreme a problem as 

with incontinence and erectile dysfunction, we had decided a priori that less than 80% 

completeness would not be analyzable.  Also, given that 5-year survival data were 

missing for 29% of the study population, we expected that 10 and 15-year survival would 

have even higher rates.  Therefore, we did not proceed further with disease-free survival. 

 

3.9 Explanatory variables 

3.9.1 Post-surgery hormone therapy 

 The variable for hormone therapy was developed from cleaning and processing 

several questions on the chart abstraction form.  During the data collection process, the 

data abstractors were careful to record the dates of hormone therapy given before and/or 

after radical prostatectomy.  We categorized hormone therapy as received pre-treatment, 

pre & post treatment, post-treatment, and none (see Table II.7 for rates).  All dates were 

checked to ensure that they occurred in the correct time period (i.e. pre or post surgery).  

Post-surgery hormone therapy dates were checked to ensure that it was given as 

additional non-prostatectomy initial treatment rather than treatment for recurrence, and 

the study variable was corrected accordingly if that was not the case.  This was done in 

collaboration with the study coordinator by reviewing entire electronic chart abstraction 

records for individual patients, and the decisions made were based on this information in 

conjunction with her knowledge and experience with the parent study.  As shown on 
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Table II.8, a total of only 17 patients (2.6%) received post-surgery hormone therapy, 

which is known to lower disease recurrence rates.84  Given the small frequency of events, 

we decided not to consider this explanatory variable in the statistical analysis. 

 

3.9.2 Additional non-prostatectomy initial treatment 

 In addition to hormone therapy, the frequencies of additional non-prostatectomy 

initial treatment received by the study population were examined to ensure that none of 

them should be included as additional explanatory variables.  No patients were recorded 

as having received chemotherapy or other prostate cancer-related surgery, and only 1.4% 

received adjuvant radiotherapy (Table II.8).  Again, given the lack of or very small 

proportion of patients receiving other treatment, we deemed that it was not necessary to 

consider this variable further. 

 

3.9.3 Surgical approach 

 We found that most of our study subjects (89.5%) received retropubic radical 

prostatectomy, with only 50 patients (7.8%) receiving perineal radical prostatectomy.  

Only one patient received an “other” type of radical prostatectomy, and type was 

unknown for 2.6% of patients (Table II.9).  We noted that perineal radical 

prostatectomies were only performed by surgeons in two regions during the study era.  

Therefore, this variable would actually be describing the surgical quality of providers in 

these two areas, rather than how surgical quality differs by the type of radical 
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prostatectomy performed.  For these reasons, and also because there was little variation, 

this explanatory variable was not used in the statistical analysis. 

 

3.9.4 Age 

 Age was defined using the patient’s date of birth and the OCR date of diagnosis.  

Since one of CCO’s other recommended quality indicators was “proportion of cancer 

patients with clinically low risk disease age 75 or greater who undergo radical 

prostatectomy”, we examined whether this was a suitable guideline to categorize the 

study population in terms of age.  However, only 11 patients (1.71%) who received 

radical prostatectomy in our sample were aged 75 and above.  For statistical analysis, age 

at diagnosis, for which we have 100% complete data, was kept in continuous form. 

 

3.9.5 Comorbidity 

 Medical histories were reviewed in the 5-year period prior to surgery to assess 

comorbidity using the Cumulative Illness Rating Scale (CIRS), which assigns the severity 

of 15 disease categories on a scale from one to five, with five being the most severe 

illness.  The categories of disease are: heart, vascular, hematopoietic, respiratory, EENT, 

upper GI, lower GI, liver, renal, genitourinary (excluding prostate cancer related 

conditions), musculoskeletal / integument, neurological, endocrine / metabolic and breast, 

psychiatric illness, and miscellaneous.86,87  The chart-abstracted CIRS ratings had already 

been cleaned previously,74 and only nine patients (1.4%) were found to have no 

comorbidity data.  There are various ways of summarizing the 15 CIRS scores into one 
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variable representing comorbidity.  The method we used was to add up the ratings to 

form an overall CIRS total score.87  The continuous form of the CIRS total score was 

used for statistical analysis, as it had already been validated in a prior study.  Hazard 

ratios for other-cause death at each CIRS increment using the single continuous effect 

were compared with those calculated using an indicator variable for each CIRS 

increment, and were found to match up well.88  

 

3.9.6 Year of diagnosis 

 When we examined the distribution of study subjects by year of diagnosis (Table 

II.10), we found that only 3.1% of subjects were diagnosed in 1990, 7.1% in 1991, and 

7.3% in 1992 and higher proportions of subjects were diagnosed in the later years.  To 

address the low numbers at the beginning of the study period, the explanatory variable for 

year of diagnosis was categorized as three eras (1990-1992, 1993-1995, and 1996-1998).  

As era was defined from the OCR date of diagnosis, it is 100% complete. 

 

3.9.7 Socioeconomic status 

 Socioeconomic status was already assigned for the study population in previous 

work, which was completed as follows.73,89  The aggregate measure of SES used was 

median household income by Canadian census enumeration area.  Subjects were assigned 

to enumeration areas based on the postal code of residence at the time of diagnosis, using 

a conversion file provided by Statistics Canada.  Using median household income level 

information from the closest Canadian census, subjects were assigned into SES quintiles 
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based on the income distribution of the general population.  Only 1.24% of the study 

population could not be assigned into an SES quintile. 

 

3.9.8 Disease severity: Pre-treatment PSA 

 The chart abstraction form (Appendix I) provided space to record up to four pre-

treatment serum PSA (prostate specific antigen) levels and the corresponding dates of the 

tests.  The following steps were taken to process this data into one pre-treatment PSA 

value for statistical analysis.  The first choice was to use the most recent PSA test 

performed within one month prior to the biopsy date, to ensure that it reflected the 

patient’s disease severity at the same time that clinical stage and Gleason score were 

assessed.  In order to minimize the frequency of unknowns, the second choice was to take 

the PSA prior to biopsy that was closest in time.  Otherwise, any post-biopsy, pre-surgery 

PSAs were read.  We were unable to assign PSA values for 46 patients (7.1%).  For 

statistical analysis, pre-treatment PSA was divided into clinically relevant quartiles (< 4, 

4-10, 10-20, and >=20+ ng/mL) that have been used in other literature.13,88   

 

3.9.9 Disease severity: Clinical stage 

 Clinical TNM staging was assigned using the sixth edition TNM 

classification.90,91  When the stage was assigned in the chart using an alternate system 

that could not be automatically converted to this edition, the study coordinator or 

designate reviewed abstracted extent of disease information to assign stage.  Examination 

of the N (node) and M (metastasis) status of the population found that the staging was 
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either zero or unknown, with the exception of one patient that was noted to be N1.  We 

think that if patients had any positive lymph nodes or metastases, the appropriate stage 

would have been noted in the charts.  Therefore, only T category, for which there were 

2.8% subjects of unknown status, was needed to represent clinical stage.  Patients with 

T1a and T1b disease were grouped into one category (6.2% total) due to small numbers, 

as were those with T3 disease and above (1.4% total).  Another reason for grouping 

patients categorized as T3 and above is that this group all has advanced disease that has 

spread outside of the prostate and, therefore, were much less likely to be cured by 

surgery.6,7,35   

 

3.9.10 Disease severity: Biopsy Gleason score 

 The study variable for biopsy Gleason score, used to represent disease grade, was 

developed from processing a number of variables in the abstraction form.  The first 

choice was to use the Gleason score that was abstracted from biopsy reports.  However, 

as shown in Table II.11, this information was unavailable for 128 subjects (19.8%).  To 

reduce the number of missing values, we assigned Gleason score using grade assignment 

from biopsy-based pathology reports.  According to the 1997 AJCC Cancer Staging 

Manual, 90 subjects with well differentiated tumors correspond with Gleason scores of 2-

4, those with moderately differentiated tumors correspond with scores 5-7, and poorly 

differentiated tumors correspond with scores from 8-10.  We assigned the middle value of 

these three ranges, such that well differentiated tumors were assigned a Gleason score of 

3, moderately differentiated a score of 6, and poorly differentiated to a score of 9.  This 

strategy was used to complete the Gleason assignment for 88 of the 128 subjects missing 
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a biopsy Gleason score.  The remaining 40 patients (6.2%) were missing both biopsy and 

assigned Gleason score (Table II.11). 

 For statistical analysis, Gleason score was divided into five categories (2-4, 5, 6, 

7, 8-10) based on a relatively equal distribution of subjects and based on how Gleason 

has been categorized in previous work by D’Amico et al. in developing nomograms to 

predict biochemical failure and disease-free survival.31,82 

 

3.10 Hospital volume 

 Hospital volume was defined based on the total number of radical prostatectomies 

performed by a hospital in a given year.  Since the total number of radical 

prostatectomies performed by each hospital varies by year, the same hospital can fall 

under different volume categories over the nine years of the study period (1990-1998).  

Each patient in our study population was assigned the volume category of their treating 

hospital in the year that they received surgery. 

 

3.10.1 Determining hospital volume 

 Although we had planned to use a hospital volume variable that had already been 

assigned to the study population for a previous study using the CCE database,73 this was 

not possible because we noticed that the programming code previously developed made a 

number of potentially incorrect assignments and also could not assign volume to some 

subjects.  Since volume was the exposure variable in this study, it was very important to 

ensure that it was as complete and accurate as possible.  Therefore, we went back to the 
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CCE database to understand why these problems occurred and to create a new hospital 

volume variable. 

 We suspected that the radical prostatectomy might not have been coded correctly 

into the Discharge Abstract Database by medical records staff who did not understand the 

nuances of the wording for this surgical procedure.  Therefore, to calculate total hospital 

volume of all radical prostatectomies performed for each year of the study period, in 

addition to the Canadian Classification of Procedures (CCP) code 72.4 (radical 

prostatectomy), we also included prostate cancer patients who were assigned the codes 

72.2 (suprapubic prostatectomy), 72.3 (retropubic prostatectomy), 72.52 (perineal 

prostatectomy), and 72.59 (other prostatectomy, including prostatectomy not otherwise 

specified, prostatic adenectomy not otherwise specified, and transcapsular 

prostatectomy).92  Patients were only counted if they were given any of these other codes 

besides 72.4 if the procedure was received between seven days prior to six months after 

the OCR diagnosis date.   This time frame was stipulated to increase the chance that these 

patients received curative treatment for prostate cancer, rather than for benign prostatic 

hypertrophy.   

For the remaining 35 patients that could not be assigned volume through 

electronic data using these additional criteria, we sought the Ministry of Health code 

representing the hospital where radical prostatectomy was performed and the year of 

surgery from their paper charts to assign volume.  We suspect that these remaining 

patients were coded as having received lymph node dissection only in the CIHI data. 
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3.10.2 Hospital amalgamations 

 An additional problem with volume assignment during the study period was that 

many hospital amalgamations took place in Ontario.  Using Ontario Ministry of Health 

and Long-Term Care records, we looked up all the hospital names corresponding to the 

MOH codes referenced as having performed radical prostatectomy, and corrected the 

coding and corresponding volume assignment to account for the amalgamations.93,94  For 

example, if hospitals A and B amalgamated during 1996 and the new entity was assigned 

MOH code C, then from 1996 onwards patients who received surgery at hospital A or B 

were assigned code C instead.  In the years prior to 1996, hospitals A and B were coded 

separately.   

 There is potential for misclassification of volume after amalgamations occur, as 

some hospital groups may have continued to operate as separate sites for the most part, in 

which case hospital volume would be overestimated, while others might have actually 

amalgamated their operations.  The proximity between the amalgamated hospitals might 

have influenced whether one or the other was more likely to have happened.   

 

3.10.3 Categorizing hospital volume 

 Hospital volume was reformatted as the number of surgeries performed by a 

hospital per month.  Radical prostatectomy volume in Ontario hospitals ranged from less 

than one to just under 15 surgeries per month during our study period.  For analysis, these 

were collapsed into six categories (< 1/m, < 2/m, < 3/m, < 4/m, < 7/m, and >= 7/m).  This 

categorization was based on a roughly equal distribution of subjects in the lowest four 

categories.  The higher volumes were divided into two groups in order to examine the 
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differences between the truly high volume hospitals in the >= 7/month category from 

moderately high volume hospitals found in the < 7/month category. 

 

3.11 Summary: Final set of study variables 

Table 3.4 summarizes the final set of study variables that were used for statistical 

analysis, along with the variable formatting and/or categorization. 

 

Table 3.4:  Final set of study variables 
 

Study variable Format Categories 
(if applicable) 

 
Quality indicators 
 

  

Acute complications, any of: 
 Rectal injury, thromboembolism, death (all 

during or within 90 days after surgery), or 
 Myocardial infarction (during or within seven 

weeks after surgery) 
 

Dichotomous Yes 
No 

Total blood transfusions of three units or greater 
(during and/or within 90 days after surgery) 

Dichotomous Yes 
No 
 

Length of hospital stay 
 

Continuous 
(days) 
 

- 

Use of non-nerve-sparing surgical technique Dichotomous Yes 
No 
Unknown 
 

Positive surgical margins 
 

Nominal Yes – Extensive 
Yes – Minimal 
No 
Unknown 
 

 
 
 
 
 
 

  

 65



Study variable Format Categories 
(if applicable) 

 
Explanatory variables 
 
Age at diagnosis 
 

Continuous 
(years) 
 

- 

Comorbidity 
 
 

Continuous 
(CIRS total score) 
 

- 

Era of diagnosis Ordinal 1990-1992 
1993-1995 
1996-1998 
 
 

 
Socioeconomic status 
(Median household income by Canadian census 
enumeration area) 
 

 
Ordinal 

 
1 (Lowest) 
2 
3 
4 
5 (Highest) 
 

Pre-treatment PSA 
 

Ordinal 
(ng/mL) 

< 4 
4-10 
10-20 
> = 20 
 

Clinical T category 
 

Ordinal T1a and T1b 
T1c 
T2a 
T2b 
T3 and above 
 

Biopsy Gleason score 
 

Ordinal 
 

2-4 
5 
6 
7 
8-9 
 

Hospital volume 
(Number of radical prostatectomies performed per 
month by the treating hospital) 

 
Ordinal 
 

 
< 1/m 
< 2/m 
< 3/m 
< 4/m 
< 7/m 
>= 7/m 
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3.12 A priori power calculations 

 During the thesis proposal stage, we evaluated whether it was possible to use the 

study sample of approximately 660 prostate cancer surgery patients available to us from 

the parent study to find statistically significant results.  Using the software Power and 

Precision,95 the lowest odds ratios required to achieve at least 80% statistical power in the 

analysis of several of the candidate quality indicators by hospital volume were calculated, 

based on adverse outcome rates found in the literature (Table 3.5). 

 

Table 3.5. A priori power calculations and lowest odds ratios required to achieve 
80% statistical power 
 

Hospital volume: 
Compare highest and 

lowest volume quartiles  

 
 
Quality indicators 
 

 
Rates found 
in literature 

Odds ratio Power 
 
Blood loss during surgery 
 

 
7%96 

 
2.92 

 
83% 

Acute surgical complications 2%2 6.06 84% 
 
Loss of continence (low) 

 
14%36 

 
2.27 

 
82% 

Loss of continence (medium) 47%36 1.92 83% 
Loss of continence (high) 66%36 2.06 81% 
 
Positive surgical margins 

 
30%65 

 
1.91 

 
80% 

 
Erectile dysfunction (low) 

 
12%36 

 
2.32 

 
80% 

Erectile dysfunction (medium) 44%36 1.91 83% 
Erectile dysfunction (high) 
 

76%36 2.32 80% 

 

 

Highest and lowest hospital volume quartiles were compared using the highest 

quartile as the reference, as those hospitals were expected to have fewer adverse 

outcomes.  Since reported rates of incontinence and erectile dysfunction vary widely, 
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three estimates (based on low, medium, and high rates) were made for each.  We 

concluded that the study population was of sufficient size to obtain statistically 

significant results for most of the candidate quality indicators. 

 

3.13 Statistical analysis strategy  

The statistical analysis began with bivariate analyses for explanatory variables 

and quality indicators by each of the six volume categories.  The significance of the 

association between volume and each of the explanatory variables was tested using the 

Pearson chi-square test for categorical explanatory variables, and one-way ANOVA for 

continuous explanatory variables.  Explanatory variables must have been marginally 

associated with volume (p <= 0.20) for examination in the regression models.  The 

presence of a significant linear trend in quality indicator outcomes with increasing 

hospital volume was assessed using the Cochran-Armitage linear test for trend where the 

quality indicator is dichotomous,97 and one-way ANOVA with linear contrast coefficients 

where the quality indicator is continuous.  However, if the quality indicator has nominal 

outcomes, it was not possible to test for a linear trend.  Instead, the Pearson chi-square 

test for association was used.  If more than 20% of the cells had counts less than five, the 

Monte Carlo simulation for the exact test was substituted.98  Bivariate tests for 

association and linear trend with two-sided p-values below 0.05 were considered 

significant. 

 For quality indicators where a significant linear trend was found by hospital 

volume, simple regression was performed with volume being the only predictor variable 

included.  For regression analyses, hospital volume was formatted as five indicator 
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variables representing each of the five lowest volume categories, using the highest 

volume category as the reference for each.  The type of regression modeling used 

depended on the format of each quality indicator.  Logistic regression was used for 

dichotomous quality indicator outcomes, linear regression for continuous outcomes, and 

polytomous logistic regression99 for nominal outcomes.  The five odds ratios (or six 

parameter estimates in linear regression) resulting from the inclusion of the five dummy 

variables representing hospital volume into the simple regression models provides the 

results to achieve Objective 1 of the study. 

 Subsequently, Objective 2 of the study required assessing the impact of each 

explanatory variable on the crude odds ratios or parameter estimates.  For each quality 

indicator, this was completed using a series of regression models with each explanatory 

variable added to separate models.  This provided sets of odds ratios or parameter 

estimates that were univariately adjusted for one explanatory variable at a time. 

 To address the concern that the association between hospital volume and quality 

indicators was different across the time period covered in this study, for each quality 

indicator that was associated with volume, we investigated the presence of an interaction 

effect between era and volume.  Era-specific odds ratios or parameter estimates were 

reported for quality indicators where significant interaction was found (p <= 0.05). 

Lastly, parsimonious regression models were developed in order to report final, 

multivariate adjusted odds ratios or parameter estimates for each quality indicator.  To 

determine which explanatory variables were included in the parsimonious models, we 

used an adaptation of the 10% rule suggested by Rothman and Greenland,100 where only 

explanatory variables that caused at least a 10% change in at least one of the odds ratios 
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or parameter estimates between the crude and univariate adjusted models were included.  

However, era was forced into all final models regardless of whether the 10% criteria was 

met in order to account for the unequal distribution of era by volume category and 

because changes in other variables were expected over time.50,51,53  Regression 

diagnostics were performed on the final parsimonious models in order to evaluate the 

model assumptions and to examine the effect of influential observations. 

 

3.14 Ethical considerations 

The Queen’s University Health Sciences Research Ethics Board approved the 

study on November 10, 2006.  In addition, CCO approved the use of OCR data housed at 

CCE on December 7, 2006 (Please refer to Appendix III for ethics approval 

documentation).  The study involved no direct patient contact and there was no 

mechanism by which this research activity could have influenced patient care for this 

study group, directly or indirectly.  Therefore, the only concern was confidentiality.  The 

primary risk to patients or physicians was that their privacy could have been infringed 

upon through unauthorized access to confidential, non-anonymized medical information.  

To address this concern, the electronic dataset provided to the student was stripped of 

unique identifiers, and could only be accessed via the student’s secure, password-

protected account.  The data was stored on a safe, isolated system behind the Kingston 

General Hospital firewall.  The student has also signed pledges of confidentiality for CCE 

and OCR. 
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CHAPTER 4:  RESULTS 

 

4.1 Description of the study population 

 The final study population consisted of 645 subjects.  The characteristics of this 

group are presented in Table 4.1.  Most of the patients in our study sample were 

diagnosed later on in the study period, with 46.5% diagnosed in the era 1996-1998 and 

only 17.5% diagnosed in the era 1990-1992.  Socioeconomic status was fairly evenly 

distributed between the median household income quintiles, but with a few more patients 

in the middle three quintiles and less in the highest and lowest income categories. 

 The study population generally falls within the appropriate age range for radical 

prostatectomy (43.1-80.4 years) and have the disease characteristics for which the 

procedure is recommended.  The mean CIRS total score representing comorbid status 

was 5.1, with a range of 0-20, out of a possible 75 points, indicating that the study 

population does not have major comorbid illnesses that would counter-indicate radical 

prostatectomy.  Almost all of the patients (98.3%) are younger than 75 years, the 

threshold stated in the CCO quality indicator recommendations.14  Finally, only 9.9% of 

patients had a pre-treatment PSA level >= 20 ng/mL, only 1.4% had a clinical stage of T3 

or worse, and only 6.8% had biopsy Gleason scores of 8 or 9.  According to the British 

Columbia Cancer Agency, these clinical disease characteristics represent high-risk 

disease for which radical prostatectomy is generally not recommended.5 
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Table 4.1:  Description of the study population 
 

  Mean SD 
   
Age at diagnosis (Years) 63.5 6.1 
    
Comorbidity, (CIRS total score) 5.1 3.3 
Missing (N) 9  
    
 N % 
 
Era of diagnosis 

  

1990-1992 113 17.5 
1993-1995 232 36.0 
1996-1998 300 46.5 
    
Socioeconomic status (Median household income)   
Lowest quintile 106 16.6 
2 135 21.2 
3 136 21.4 
4 150 23.6 
Highest quintile 110 17.3 
Missing 8  
    
Pre-treatment PSA (ng/mL)   
<4 66 11.0 
4 to 10 298 49.8 
10 to 20 176 29.4 
>=20 59 9.9 
Missing 46  
   
Clinical T category   
T1a and T1b 39 6.2 
T1c 215 34.3 
T2a 225 35.9 
T2b 139 22.2 
T3 and above 9 1.4 
Missing 18  
    
Biopsy Gleason score   
2 to 4 146 24.1 
5 101 16.7 
6 186 30.7 
7 131 21.7 
8 to 9 41 6.8 
Missing 40 
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4.2 Quality indicators by volume categories 

 The distribution of each quality indicator outcome for the six hospital volume 

categories is given in Table 4.2 and illustrated in Figure 4.1.  We found that only 29 

subjects had any evidence of acute complications during and/or up to 90 days after 

surgery in their charts.  Although acute complications most frequently occurred in the 

lowest volume category (6.2%) and least frequently in the highest (2.5%), the acute 

complication rates for the hospital volume categories were statistically similar to each 

other overall (Cochran-Armitage linear test for trend using Monte Carlo estimates for the 

exact test, p = 0.41).  Due to the small number of events and lack of statistical 

significance, we did not investigate this quality indicator any further. 

Significant linear trends were found for total blood transfusions of three units or 

greater during and/or within 90 days after surgery (Cochran-Armitage linear test for 

trend, p < .0001), length of hospital stay (One-way ANOVA with linear contrast 

coefficients, p < .0001), and use of non-nerve-sparing surgical technique (Cochran-

Armitage linear test for trend, p < .0001).  As seen in Table 4.2 and Figure 4.1, the 

general trend seen is that outcomes tend to improve from lowest to highest volume 

groups.  The rate of blood transfusions decreased sharply from < 1 to < 3 surgeries per 

month before declining at a slower rate in the higher volume categories.  The exception to 

the decreasing trend is the < 7/m group, which at 15.3% was just slightly higher than the 

next lowest volume category of < 4 surgeries per month (15.1%).  The < 1/m and < 2/m 

groups had higher transfusion rates (46.0% and 30.5%, respectively) than the overall 

study population (24.5%).  For length of hospital stay, two small anomalies in the overall 

decreasing trend were observed, where the hospital volumes of < 3/m and >= 7/m both 
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had slightly longer hospital stays than their next lowest volume categories.  It can be seen 

in Figure 4.1 (c) that the mean length of stay was clustered into three groups (< 1/m, < 

2/m to < 4/m, and < 7/m to >= 7/m), as sharp drops were seen between < 1/m and < 2/m, 

and between < 3/m and < 4/m.  The < 1/m, < 2/m, and <3/m groups had longer mean 

lengths of stay than the average for all subjects combined (8.6 days).  For use of non-

nerve-sparing surgical technique, the rate decreased slowly between < 1/m (77.6%) and < 

3/m (71.2%) before dropping sharply to 55.8% in the < 4/m group.  Unexpectedly, the 

rate then rose sharply to 76.0% in the next highest category before declining to the lowest 

rate of 47.4% in the highest volume group.  All volume categories except for the < 4/m 

and >= 7/m groups had worse rates than the total study population (67.5%). 

 Positive surgical margins were not statistically significantly associated with 

hospital volume (Pearson chi-square using Monte Carlo estimates for the exact test, p = 

0.10) and, as shown in Figure 4.1 (e), no linear trend by hospital volume was apparent 

among subjects for which surgical margin status was known.  However, surgical margin 

status was more likely to be absent from the surgical pathology reports for men treated at 

the lower volume hospitals, indicating differences in the quality of reporting by hospital 

volume.  Given the influence of unknown margin status on the results, it was not possible 

to proceed with further investigation this quality indicator. 
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Table 4.2:  Quality indicators by hospital volume categories 
 
 HOSPITAL VOLUME: Number of radical prostatectomies performed per month in treating hospital  
  All < 1/m < 2/m < 3/m < 4/m < 7/m >= 7/m p-value 
 
N 
 

645 113 164 122 106 59 81 
  

 N % N % N % N % N % N % N %   
Acute complications, 
any 29 4.5 7 6.2 7 4.3 5 4.1 5 4.7 3 5.1 2 2.5 0.41 
                  
Total blood transfusions 
of three units or greater 158 24.5 52 46.0 50 30.5 23 18.9 16 15.1 9 15.3 8 9.9 < .0001 
                
 Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD   
Length of hospital stay 
(Days) 8.6 4.8 12.0 5.9 8.7 4.7 9.0 4.5 6.8 3.7 6.3 3.3 7.5 12.0 < .0001 
Missing (N) 18  4  4  7  1  1  1    
                  
 N % N % N % N % N % N % N %  
Use of non-nerve-
sparing surgical 
technique 404 67.5 83 77.6 109 72.2 84 71.2 53 55.8 38 76.0 37 47.4 < .0001 
Missing 46  6  13  4  11  9  3   
                
Positive surgical 
margins   

              

Yes-Extensive 27 4.2 27 4.2 4 3.6 9 5.5 4 3.3 4 3.8 2 3.4 0.10 
Yes-Minimal 221 34.3 221 34.3 30 27.0 58 35.4 49 40.2 30 28.6 22 37.3 0.53* 
No 320 49.6 320 49.6 56 50.5 77 47.0 52 42.6 65 61.9 30 50.9   
Unknown 74 11.5 74 11.5 21 18.9 20 12.2 17 13.9 6 5.7 5 8.5   
Missing 3  3  2  0  0  1  0    
                
* After excluding unknowns 
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Figure 4.1:  Distribution of quality indicator outcomes by hospital volume categories 
(Number of radical prostatectomies performed per month in treating hospital): 
  
(Number of radical prostatectomies performed per month in treating hospital): 

a) Proportion of patients with any evidence of acute complications during and/or up to 90 days 
following surgery 

a) Proportion of patients with any evidence of acute complications during and/or up to 90 days 
following surgery 

b) Proportion of patients with total blood transfusions of three units or greater during and/or 
within 90 days after surgery 

b) Proportion of patients with total blood transfusions of three units or greater during and/or 
within 90 days after surgery 

c) Mean length of hospital stay, in days. c) Mean length of hospital stay, in days. 
d) Proportion of patients whose surgeons did not use a nerve-sparing surgical technique d) Proportion of patients whose surgeons did not use a nerve-sparing surgical technique 
e) Proportion of patients with extensive surgical margin involvement, minimal surgical margin 

involvement, no positive surgical margins, and unknown margin status 
e) Proportion of patients with extensive surgical margin involvement, minimal surgical margin 

involvement, no positive surgical margins, and unknown margin status 
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4.3 Explanatory variables by hospital volume 

 The distribution of each explanatory variable for the six hospital volume 

categories is provided in Table 4.3.  The mean age differences were marginally 

statistically significant (One-way ANOVA, p = 0.16), ranging from 62.8 years in the 

highest volume category to 64.5 years in the < 1 and < 7 surgeries per month categories.  

Comorbidity, as measured by CIRS total score, was also marginally significant (One-way 

ANOVA, p = 0.15), ranging from a mean total score of 4.6 in < 3/m hospitals to 5.5 in < 

4/m hospitals.  However, no clear volume trend was observed for either of these 

variables. 

 The era of diagnosis was highly associated with hospital volume (Pearson chi-

square, p < .0001), with patients more likely to be diagnosed in the last era of the study 

period (1996-1998) in the higher hospital volume categories.  Only the < 1/m and < 3/m 

hospitals had their highest proportion of patients diagnosed in the other two eras (45.1% 

were diagnosed in 1990-1992 and 50.8% in 1993-1995 respectively).  Meanwhile, 

socioeconomic status, as measured by area-level median household income, had a 

marginally significant relationship with hospital volume (Pearson chi-square, p = 0.13). 

 The disease severity variables of pre-treatment PSA, clinical T category, and 

biopsy Gleason score were all associated with hospital volume although the significance 

level for PSA was marginal (Pearson chi-square, p = 0.09).  For pre-treatment PSA, the 

highest percentage of subjects with serum PSA levels >= 20 ng/mL were found in the < 

1/m and < 3/m groups (14.4% and 15.2% respectively) and the lowest percentage was 

seen in the < 7/m group (3.6%).  For clinical T category, a general decreasing trend was 

observed where a greater proportion of patients treated in the lower volume hospitals had 
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T1a and T1b stage disease (10.0% in the < 1/m category) as well as T2b stage disease 

(35.5% in the < 1/m group).  Finally, the higher volume hospitals treated greater 

proportions of men with higher biopsy Gleason scores than the lower volume hospitals.  

For example, in the highest volume category 41.0% of the patients treated had a biopsy 

Gleason score of 7, whereas in the lowest category 36.5% of patients treated had scores 

of 2-4.  On the other hand, the proportion of men with a biopsy Gleason score of 8-9 

generally increased as hospital volume decreased. 

From these observations, it appears that pre-treatment PSA and clinical T 

category demonstrate more severe cases being treated in the lower volume groups.  

However, the opposite trend was observed with biopsy Gleason score, although this 

might have been due to the way we assigned Gleason score when it was missing on the 

biopsy-based pathology reports.  If we focus on the patients for which radical 

prostatectomy is generally not recommended (biopsy Gleason score above 7),5 then 

inappropriately treated cases are more common in the lower volume categories, with the 

exception of the < 7/m group. 

 In conclusion, all of the explanatory variables had p-values of under 0.20 for 

association with hospital volume.  Therefore, they were all subsequently considered in 

the regression analyses for the quality indicators blood transfusions of 3+ units, length of 

hospital stay, and use of non-nerve-sparing surgical technique. 
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Table 4.3:  Explanatory variables by hospital volume categories 
 

 HOSPITAL VOLUME: Number of radical prostatectomies performed per month in treating 
hospital 

 

  < 1/m < 2/m < 3/m < 4/m < 7/m >= 7/m p-value 
 
N 

 
113 

 
164 

 
122 

 
106 

 
59 

 
81 

 

               
 Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD  
               
Age at diagnosis (Years) 64.5 6.7 63.7 5.7 62.9 6.5 62.9 6.6 64.4 5.2 62.8 5.4 0.16 
                
Comorbidity 
(CIRS total score) 

5.1 3.3 5.5 3.6 4.6 2.7 5.5 3.3 4.7 2.8 4.7 3.5 0.15 

Missing (N) 3  1  1  3  0  1    
                
  N % N % N % N % N % N %   
Era of diagnosis               
1990-1992 51 45.1 20 12.2 22 18.0 3 2.8 6 10.2 11 13.6 < .0001 
1993-1995 43 38.1 53 32.3 62 50.8 30 28.3 25 42.4 19 23.5   
1996-1998 19 16.8 91 55.5 38 31.2 73 68.9 28 47.5 51 63.0   
                
Socioeconomic status 
(Median household income) 

              

Lowest quintile 22 19.6 22 13.5 26 21.9 13 12.4 10 17.0 13 16.5 0.13 
2 23 20.5 40 24.5 23 19.3 17 16.2 12 20.3 20 25.3   
3 34 30.4 35 21.5 24 20.2 20 19.1 9 15.3 14 17.7   
4 23 20.5 38 23.3 26 21.9 30 28.6 19 32.2 14 17.7   
Highest quintile 10 8.9 28 17.2 20 16.8 25 23.8 9 15.3 18 22.8   
Missing 1  1  3  1  0  2    
               

 
(cont’d…)  
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 (..cont’d) 
 

 HOSPITAL VOLUME: Number of radical prostatectomies performed per month in treating 
hospital 

 

 < 1/m < 2/m < 3/m < 4/m < 7/m >= 7/m p-value 
 N % N % N % N % N % N %  
 
Pre-treatment PSA 
(ng/mL) 

              

<4 9 9.3 21 13.4 11 9.8 12 11.9 5 8.9 8 10.5 0.09 
4 to 10 39 40.2 77 49.0 50 44.6 60 59.4 27 48.2 45 59.2   
10 to 20 35 36.1 46 29.3 34 30.4 22 21.8 22 39.3 17 22.4   
>=20 14 14.4 13 8.3 17 15.2 7 6.9 2 3.6 6 7.9   
Missing 16  7  10  5  3  5    
               
Clinical T category               
T1a and T1b 11 10.0 12 7.5 9 7.6 4 4.0 1 1.7 2 2.5 0.0004 
T1c 19 17.3 65 40.4 40 33.6 40 40.0 19 32.8 32 40.5   
T2a 39 35.5 47 29.2 36 30.3 41 41.0 31 53.5 31 39.2   
T2b 39 35.5 35 21.7 32 26.9 14 14.0 6 10.3 13 16.5   
T3 and above 2 1.8 2 1.2 2 1.7 1 1.0 1 1.7 1 1.3   
Missing 3  3  3  6  1  2    
                
Biopsy Gleason score               
2 to 4 39 36.5 37 24.3 35 31.0 10 10.2 16 28.1 9 11.5 < .0001 
5 11 10.3 26 17.1 17 15.0 22 22.5 17 29.8 8 10.3   
6 35 32.7 41 27.0 37 32.7 33 33.7 15 26.3 25 32.1   
7 13 12.2 37 24.3 17 15.0 29 29.6 3 5.3 32 41.0   
8 to 9 9 8.4 11 7.2 7 6.2 4 4.1 6 10.5 4 5.1   
Missing 
 

6  12  9  8  2  3    
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4.4 Multivariate analysis 

4.4.1 Total blood transfusions of three units or greater 

 Logistic regression was used to perform multivariate analyses on the quality 

indicator ‘total blood transfusions of three units or greater.’  Table 4.4 gives the results 

from the logistic regression modeling, where the highest volume category (>= 7 surgeries 

performed per month in the treating hospital) was used as the reference.  For all of the 

models shown, the two lowest volume categories (< 1/m and < 2/m) had significantly 

higher odds of receiving blood transfusions when compared to highest volume group. 

 The crude odds ratios showed a generally decreasing trend, where the odds of 

receiving blood transfusions generally declined as volume increased.  The exception was 

that the < 7/m group had a similar but slightly higher odds ratio than the next lowest 

volume group of < 4/m (1.64 and 1.62, respectively). 

 The odds ratios shown in the second half of Table 4.4 were used to determine 

which explanatory variables should be included in the final model.  Only explanatory 

variables for which there was at least a 10% change in at least one of the five odds ratios 

when compared to the crude estimates were included.  For blood transfusions, only age at 

diagnosis and socioeconomic status did not fit this criteria.  For comorbidity, the odds 

ratios increased in some volume groups and decreased in others when compared to the 

crude estimates.  For era of diagnosis, the odds ratios all decreased except for the < 4/m 

category, which became higher than the adjacent groups.  The greatest declines were in 

the < 1/m (29%) and < 3/m (17%) categories.  For pre-treatment PSA, all of the estimates 

were lower than the crude rates and no there were no exceptions to the decreasing trend 

by volume.  The largest decrease was found in the < 1/m (12%) group. 
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 Since the many small cell sizes caused model convergence problems, the five 

clinical T category categories were collapsed into two (T1 and T2a vs. T2b and above).  

We used this dichotomous format for all of the quality indicator regression analyses.  

Here, all of the ORs increased from the crude estimates.  The largest increases were 

found in the categories < 7/m (17%), followed by < 3/m (13%) and < 4/m (11%).  

Finally, for biopsy Gleason score, all of the ORs decreased from the crude estimates, with 

the largest decreases found in categories < 3/m (13%) and < 2/m and < 4/m (both 12%). 

 The final adjusted parsimonious model for blood transfusions had the same 

pattern as the crude ORs, where the < 7/m group had a higher OR, at 1.80 (95% CI: 0.59, 

5.45), than the next lowest category, although this was not a significant difference.  The 

ORs for all of the other volume categories decreased, with the biggest change found in 

the categories < 1/m (21%) and < 3/m (16%).  Overall, the 95% confidence intervals for 

the < 3/m, < 4/m, and < 7/m groups indicate that these three insignificant adjusted odds 

ratios are essentially equal. 

 The likelihood ratio testing for interaction between hospital volume and era of 

diagnosis was not significant (p = 0.30).  The Hosmer-Lemeshow goodness-of-fit test (p 

= 0.87) indicated adequate model fit.  Furthermore, logistic regression diagnostics 

recommended by Hosmer and Lemeshow99 did not identify any particularly ill-fitted or 

influential observations (Appendix IV, Tables IV.1-IV.3). 
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Table 4.4:  Logistic regression analysis on total blood transfusions of three units or greater by hospital volume 
 

 HOSPITAL VOLUME: Number of radical prostatectomies performed per month in treating hospital 
  < 1/m < 2/m < 3/m < 4/m < 7/m >= 7/m 

(REF) 
 OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% 

CI 
             
Crude 
(Volume only) 
 

7.78 3.43, 17.62 4.00 1.79, 8.92 2.12 0.90, 5.01 1.62 0.66, 4.00 1.64 0.59, 4.54  1.00 - 

Adjusted 
(Volume + selected 
explanatory variables*) 
 

6.14 2.41, 15.63 3.63 1.49, 8.82 1.79 0.68, 4.69 1.45 0.52, 4.02 1.80 0.59, 5.45 1.00 - 

             
Volume + Age 7.65 3.37, 17.37 3.97 1.78, 8.85 2.12 0.90, 5.00 1.62 0.66, 4.00 1.62 0.58, 4.48 1.00 - 
Volume + Comorbidity 8.01 3.52, 18.24 3.84 1.72, 8.59 2.15 0.91, 5.10 1.47 0.59, 3.66 1.64 0.59, 4.54 1.00 - 
Volume + Era 5.54 2.39, 12.84 3.97 1.77, 8.91 1.76 0.73, 4.21 1.79 0.72, 4.46 1.54 0.55, 4.29 1.00 - 
Volume + SES 7.51 3.29, 17.16 4.00 1.79, 8.95 1.93 0.81, 4.62 1.68 0.68, 4.18 1.66 0.60, 4.61 1.00 - 
Volume + PSA 6.85 2.96, 15.88 3.59 1.60, 8.09 2.08 0.87, 4.95 1.61 0.65, 4.00 1.47 0.53, 4.12 1.00 - 

Volume + T category 8.45 3.56, 20.07 4.44 1.91, 10.36 2.39 0.97, 5.88 1.69 0.65, 4.42 1.92 0.67, 5.52 1.00 - 
Volume + Gleason score 7.66 3.30, 17.77 3.52 1.55, 8.00 1.84 0.76, 4.48 1.42 0.56, 3.61 1.63 0.58, 4.62 1.00 - 
             

    * Adjusted for: Comorbidity, era of diagnosis, pre-treatment PSA, clinical T category,  and biopsy Gleason score 
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4.4.2 Length of hospital stay 

 Linear regression was initially used to analyze the quality indicator length of 

hospital stay.  Crude, univariately adjusted, and parsimonious linear regression models 

were developed, and residual analysis was carried out on the final parsimonious model.  

However, a significant interaction (p = 0.03) between hospital volume and era of 

diagnosis was found using the extra sums of squares principle.  Thus, the reported results 

for length of hospital stay are stratified by era.  Due to small sample size in the era-

specific strata, especially in the earliest period (1990-1992), the effects of the explanatory 

variables were not examined.  We report, therefore, mean length of hospital stay (in days) 

rather than era-specific crude linear regression coefficients (Table 4.4).  In each era, the 

one-way ANOVA test with linear contrast coefficients was used to detect the significance 

of a linear trend by hospital volume.   

 The length of stay generally decreased over the study period in each volume 

category.  A trend of decreasing length of stay with increasing hospital volume was 

evident in each era, but became more apparent with time.  In the earliest era (1990-1992), 

the mean length of stay decreased to a low of 7.7 days in the < 4 surgeries per month 

group before increasing again back up to 11.5 days in the highest volume group.  There 

was no statistically significant linear trend in this era (p = 0.13).  From 1993 to 1995, the 

mean length of stay declined to a low of 5.6 days in the second highest volume category 

before jumping back up to 10.2 days in the highest volume group, and a significant linear 

trend was found (p = 0.003).  In the latest era (1996-1998), the test for trend was also 

significant (p = 0.007).  Here, mean length of hospital stay decreased from 7.6 days in the 

lowest volume category to 5.7 days in the >= 7/m group. 
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Table 4.4:  Mean length of hospital stay (in days) by hospital volume, stratified by era of diagnosis 
 

 HOSPITAL VOLUME: Number of radical prostatectomies performed per month in treating hospital  
 < 1/m < 2/m < 3/m < 4/m < 7/m >= 7/m p-value* 
 Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD  
              
All eras** 12.0 5.9 8.7 4.7 9.0 4.5 6.8 3.7 6.3 3.3 7.5 3.4 < .0001 
              
1990-1992 14.2 6.6 11.6 4.4 10.4 3.3 7.7 0.6 11.0 0.9 11.5 2.5 0.13 
              
1993-1995 11.5 5.1 10.2 5.2 9.4 3.2 9.3 4.5 5.6 3.0 10.2 2.5 0.003 
              
1996-1998 7.6 2.6 7.1 3.7 7.6 6.2 5.8 2.7 6.0 3.1 5.7 2.3 0.007 
              

    * One-way ANOVA test with linear contrast coefficients 
    ** As reported in Table 4.2 and previously described 
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4.4.3 Use of non-nerve-sparing surgical technique 

 Logistic regression was used to perform multivariate analyses on the quality 

indicator ‘use of non-nerve-sparing surgical technique,’ and Table 4.6 gives the results.  

For all of the models shown, only the < 4 surgeries per month group did not have 

significantly higher odds of receiving non-nerve-sparing surgery when compared to 

highest volume reference group. 

 With the exception of the < 7/m group, the crude odds ratios showed a decreasing 

trend in the use of non-nerve sparing surgery as volume increased.  For the < 7/m 

category, the odds ratio of 3.51 (1.60, 7.71) was much higher than the next lowest 

category of < 4/m. 

 Five of the seven explanatory variables did not change any of the odds ratios 

(second half of Table 4.6) more than 10% and thus were not included in the final 

parsimonious model.  The excluded explanatory variables included age at diagnosis 

(ranging from 3% increase to 6% decrease in odds ratios when compared to the crude 

estimates), comorbidity (from 4% increase to 2% decrease), socioeconomic status (2% 

increase to 4% decrease), clinical T category (3% increase to 4% decrease), and era of 

diagnosis (6% increase to 3% decrease).  Although era of diagnosis should have been 

excluded from the final model, it was forced into the multivariate regression due to its 

potential importance (see Section 3.12).  Along with era of diagnosis, pre-treatment PSA 

and biopsy Gleason score were included in the final model.  For pre-treatment PSA, all of 

the ORs declined when compared to the crude ORs, with the exception of the < 7/m 

group, where the odds ratio increased by 11%.  The greatest decreases in the ORs were 

found in the < 3/m (24%) and < 1/m (16%) categories.  For biopsy Gleason score, the 
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odds ratios increased in some volume groups and decreased in others.  The largest 

increase was 15% (< 1/m) and the largest decrease was 12% (< 4/m). 

 The parsimonious model for the use of non-nerve-sparing surgery had the same 

pattern as the crude ORs, where the < 7/m group had a much higher OR, at 4.72 (95% CI: 

1.92, 11.59), than the next lowest category.  This represented at 34% increase from the 

crude estimate.  The ORs for of the other volume categories both increased and 

decreased, with the next biggest changes found in the categories < 4/m (17% decrease) 

and < 3/m (11% decrease). 

 The likelihood ratio test was used to test for interaction between hospital volume 

and era of diagnosis, and a marginally significant interaction was found (p = 0.07).  The 

Hosmer-Lemeshow goodness-of-fit test (p = 0.70) indicated adequate model fit.  

Furthermore, logistic regression diagnostics recommended by Hosmer and Lemeshow99 

did not identify any particularly ill-fitted or influential observations (Tables IV.4-IV.6). 

 

 87



Table 4.6:  Logistic regression analysis on use of non-nerve-sparing surgical technique by hospital volume 
 

 HOSPITAL VOLUME: Number of radical prostatectomies performed per month in treating hospital 
  < 1/m < 2/m < 3/m < 4/m < 7/m >= 7/m 

(REF) 
 OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% 

CI 
             
Crude 
(Volume only) 
 

3.83 2.03, 7.24 2.88 1.63, 5.08 2.74 1.51, 4.97 1.40 0.77, 2.55 3.51 1.60, 7.71 1.00 - 

Adjusted 
(Volume + selected 
explanatory variables*) 
 

4.20 1.99. 8.89 3.01 1.61, 5.62 2.43 1.24, 4.76 1.17 0.61, 2.24 4.72 1.92, 11.59 1.00 - 

             
Volume + Age 3.59 1.89, 6.83 2.79 1.57, 4.96 2.82 1.54, 5.16 1.40 0.76, 2.57 3.36 1.52, 7.41 1.00 - 
Volume + Comorbidity 3.75 1.99, 7.10 2.87 1.62, 5.09 2.82 1.55, 5.14 1.45 0.79, 2.67 3.51 1.60, 7.72 1.00 - 
Volume + Era 3.70 1.90, 7.18 2.93 1.66, 5.20 2.83 1.54, 5.22 1.44 0.79, 2.64 3.71 1.68, 8.22 1.00 - 
Volume + SES 3.75 1.96, 7.19 2.84 1.59, 5.05 2.68 1.46, 4.93 1.42 0.77, 2.63 3.38 1.52, 7.49 1.00 - 
Volume + PSA 3.22 1.63, 6.37 2.74 1.51, 4.99 2.07 1.11, 3.87 1.29 0.69, 2.42 3.88 1.66, 9.05 1.00 - 

Volume + T category 3.94 2.06, 7.55 2.90 1.63, 5.16 2.64 1.44, 4.83 1.36 0.74, 2.52 3.53 1.60, 7.77 1.00 - 
Volume + Gleason score 4.42 2.26, 8.67 2.98 1.64, 5.40 2.86 1.52, 5.36 1.24 0.66, 2.31 3.71 1.64, 8.40 1.00 - 
             

    * Adjusted for: Era of diagnosis, pre-treatment PSA, and biopsy Gleason score 
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CHAPTER 5:  DISCUSSION 

 

5.1 Summary of study design 

 We performed a retrospective cohort study on prostate cancer patients diagnosed 

between 1990 and 1998 in Ontario, who were treated by radical prostatectomy with 

curative intent within six months of diagnosis.  We sought to test the convergent 

construct validity of quality indicators recommended by Cancer Care Ontario and several 

other indicators that were also related to surgical skill by testing them against hospital 

prostatectomy volume, a surrogate measure of surgeon experience and an accepted 

structural indicator of quality surgical care.  We expected that if higher volume hospitals 

have better outcomes as demonstrated by the quality indicators of interest, then we will 

have demonstrated the convergent validity of the candidate indicator in measuring the 

underlying concept of surgical quality.  Using a database of high-quality medical chart 

data abstracted for a larger study, the objectives were to assess variations in quality 

indicators by hospital volume, and to investigate whether selected explanatory variables 

account for some of this variation. 

 

5.2 Overview of findings 

 Even using high-quality chart data, we could not evaluate all of the quality 

indicators we had wished to study a priori.  For several reasons, we could not assess the 

post-treatment outcomes acute surgical complications, urinary incontinence, erectile 

dysfunction, undetectable PSA level at first follow-up, positive surgical margins, and 

biochemical disease-free survival by hospital volume.  We demonstrated convergent 
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construct validity for blood transfusions of 3 units or greater, length of hospital stay, and 

use of non-nerve-sparing surgical technique.  In general, worse outcomes were apparent 

with decreasing hospital volume, both before and after adjusting for the effect of 

explanatory variables, providing evidence that these three may be valid surgical quality 

indicators that could be used for quality assessment in the future.   

 

5.3 Feasibility of using chart data to evaluate quality indicators 

 During the data processing and exploration process, we were able to determine 

the feasibility of obtaining information on each a priori listed quality indicator from the 

medical chart abstraction.  While some of these indicators were evaluated for feasibility 

in follow-up studies for the RAND indicators15-17, this study provides new information on 

the feasibility of using the remaining quality indicators and for most, it is also the first 

time that their feasibility has been tested in the Ontario population. 

 It was not feasible to evaluate undetectable PSA level at first follow-up after 

surgery and biochemical disease-free survival using our data source, due to missing 

follow-up information and variable undetectable thresholds in PSA assays.  Obtaining 

such follow-up information in a surgical series would require reviewing multiple data 

sources beyond the treating institution’s chart.  Also, the undetectable PSA threshold 

varied widely depending on which assay was used, which would have caused 

considerable outcome misclassification. 

Quality councils might want to consider consistently capturing PSA test results 

shortly after surgery as a measurement of biochemical recurrence.  The 5, 10, and 15-year 

time frames recommended by both the RAND and CCO expert panels to assess 
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biochemical disease-free survival9,14 make it less useful for quality improvement 

purposes, as practice may have changed by the time these results were available, making 

the findings less relevant to current practice.  However, if PSA test results can be 

recorded consistently throughout the province shortly after surgery, then undetectable 

PSA may be a good quality indicator for disease control and risk of recurrence that can 

also be evaluated in a very proximate time frame to the treatment date that is necessary 

for change. 

 We also found that the late morbidities of urinary incontinence and erectile 

dysfunction post-treatment could not be feasibly assessed in our chart data due to missing 

follow-up and/or lack of detail.  This finding is consistent with the RAND follow-up 

studies that patient satisfaction with their urinary and erectile status after surgery could be 

assessed using validated patient questionnaires but not through administrative documents 

or charts.15,16  According to Miller et al., the systematic use of validated survey 

instruments for preoperative and postoperative urinary, sexual, and bowel function are 

necessary to truly measure and compare the occurrence of these important quality-of-life 

outcomes following radical prostatectomy.15  Such an approach would address the data 

quality issues accounting for the wide variability in late morbidity rates in the 

literature.3,6,35,36,60,61,63  Since incontinence and erectile dysfunction are considered very 

important outcomes of prostate surgery and reflect quality of surgical care,2,36,37,55,56,59-61 

it would be extremely useful for Cancer Care Ontario and other bodies responsible for 

cancer care quality to consider moving towards the province wide application of a 

validated survey instrument to evaluate these indicators.  With adequate control for 
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confounders, this could provide relatively timely information for incorporation into 

hospital and LHIN quality improvement processes.  

 It was feasible to assess acute surgical complications (including 30-day mortality) 

in our chart review, supporting the conclusion reached by Miller et al.15.  In bivariate 

analysis, the rates ranged from 6.2-2.5% between the lowest and highest volume 

categories.  Although there was no statistically significant linear trend, this may have 

been due to a lack of study power rather than the absence of a real trend by volume.  We 

had 40% power to detect this difference.95  Since the rates were too low for us to conduct 

multivariate analysis, it is possible that differences in comorbidity, disease severity, and 

other covariates might explain some or all of this volume trend and thus, it was not 

possible to determine the construct validity of acute surgical complications.  Cancer Care 

Ontario is currently reporting 30-day mortality rates by LHIN (0-0.95% in 2002-2004).49  

With such low rates and without control for covariates, it is questionable whether 30-day 

mortality and acute surgical complication rates are very useful indicators of surgical care, 

especially if applied for men currently receiving radical prostatectomy, for whom these 

rates are likely even lower than those we studied, as surgical quality should have 

improved over the past decade. 

 We were able to access pathology reports for almost all of the patients in our 

study population, and therefore it was feasible to evaluate positive surgical margin status 

if it was stated in the report.  Among the patients for whom margin status was known, no 

linear trend by volume was observed, although this finding was likely affected by the 

11.5% of patients whose margin status was not stated on their pathology reports.  

Because of this high proportion of unknowns, it was not possible to determine the 
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construct validity of positive surgical margins.  It is interesting to note that lower volume 

hospitals were more likely have missing documentation of margin status on pathology 

reports, another quality indicator that was actually found to feasible and is currently 

reported by CCO.17,49  While the reporting of margin status is not related to quality of 

surgical care, our findings further validate its use by CCO as an indicator of overall 

quality of care.  These findings also demonstrate the importance of consistent pathology 

reporting to allow for quality assessment of the important post-surgical outcome positive 

surgical margins. 

 We demonstrated feasibility for use of blood transfusions, length of stay, and non-

nerve-sparing surgery as quality indicators.  This evidence supports others’ findings for 

blood transfusions, 15,16 but the feasibility of the other two quality indicators have not 

been tested in previous studies.  These three indicators are further discussed in the 

following section. 

 

5.4 Volume-quality indicator associations 

 We demonstrated the convergent construct validity of blood transfusions, length 

of stay, and use of non-nerve-sparing surgery, as we found that lower volume hospitals 

generally performed worse when compared to the highest volume institutions of the 

province.  These findings were consistent with U.S. studies that examined blood 

transfusions and length of stay, and provide new knowledge on the use of non-nerve-

sparing surgery in relation to surgical volume. 
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An exception to these general trends was observed in the < 7 surgeries per month 

volume category.  Patients in this group sometimes fared more poorly than expected, 

especially in the use of non-nerve-sparing surgery.  This exception likely reflects 

localized practice and might also demonstrate the effect of volume misclassification, as 

almost half of the patients in this category were treated at a group of hospitals that 

amalgamated during the study period.  It is possible that these amalgamated hospitals 

(which would be in a higher volume category than the constituent hospitals previously 

were) continued to operate as separate institutions.  Thus, the average volume of this 

category was likely overestimated, thereby explaining their unexpectedly poor results. 

 

5.4.1 Blood transfusions of 3 units or greater 

Patients in the two lowest volume categories had higher risks of receiving blood 

transfusions of 3 units or greater during and/or after surgery than those in the highest 

volume institutions of the province.  Adjustment for explanatory variables clearly 

accounted for some of the variation seen in the crude odds ratios. 

These findings are largely consistent with research conducted in the U.S. and in 

Europe.  In a multi-institution study conducted over a similar time period of 1994-2000, 

1123 consecutive RRP cases treated at the University of Michigan,41 surgeons who 

performed <= 15 surgeries per year had an 8.6 times increased odds of their patients 

requiring any blood transfusion compared to those who performed > 15 surgeries.  

Whereas we only counted transfusions of 3+ units or greater, these investigators counted 

any blood transfusion regardless of the amount, adjusting for banked autologous blood.  

Despite this difference in measurement, their finding was of similar magnitude to both 
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our crude and adjusted odds ratios (7.78 and 6.14 respectively) for our corresponding 

volume category of < 1/m.  However, our findings were adjusted for more covariates than 

this previous study, which controlled for Gleason score and age but did not adjust for 

comorbidity, era of diagnosis, and pre-treatment PSA level, explanatory variables 

responsible for reducing the crude variation for this indicator in our study. 

The investigators of the EORTC study39,40 also found that blood transfusions of 

3+ units were given more frequently by lower volume surgeons.  However, their reported 

rates were all lower than ours.  For example, the EORTC study reported that 17.4% of 

patients treated by surgeons performing less than 12 RRPs annually required transfusion 

compared to 46.0% in our corresponding < 1/m group.  This difference might be 

explained by the voluntary participation of surgeons and the self-report of their 

performance, which created opportunities for selection and response bias.  In comparison, 

the chart review-based nature of our study is a strength of our work.  Finally, in the 

EORTC study, there was no adjustment for covariates although differences were noted, 

and the nature of the participating institutions was unclear (i.e. academic centers vs. 

community hospitals).   

 

5.4.2 Length of hospital stay 

 The average length of hospital stay decreased over the three eras of the study, in 

the meantime becoming more reflective of surgical quality.  The phenomenon of 

declining length of stay is consistent with expectations, as economic pressures for early 

discharge in the cost-cutting climate of the 1990s led to evolutions in perioperative 

management that were successful at reducing length of stay without increasing acute 
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complication and mortality rates.  For example, practice changes included assessment in 

pre-admission clinics, admitting patients directly into the operating room on the day of 

surgery, and earlier post-operative ambulation.51,54  Furthermore, the introduction of more 

advanced and less morbid procedures may have also contributed to the decline.54  This 

means that only those patients not doing well after surgery would be allowed to stay 

longer, as compared to the past where even patients doing well may have been able to 

remain in hospital for a few more days than necessary.101  With the clearest volume trend 

seen in the last era of our study (1996-1998), it seems as though length of stay became 

more reflective of the patient’s post-surgical condition and thus a more valid and useful 

indicator of surgical quality. 

While we did see a volume trend in the last era, the many hospital amalgamations 

that were taking place in Ontario may have worked against our ability to see the true 

strength of association between volume and length of stay.  Many hospital groups may 

not have fully combined the processes from their different sites at that time, resulting in 

misclassification of hospital volume.  In the absence of this misclassification, it is 

possible that the volume-length of stay trend may have been even stronger than observed. 

 Our findings are consistent with U.S. studies that examined the volume-length of 

stay relationship using the Medicare and SEER databases.23,25  These authors found that 

length of stay decreased over time and displayed a significant increasing trend with lower 

hospital as well as surgeon volume.  They found lower lengths of stay than our findings 

in similar eras, perhaps because the pressure to reduce costs might have begun much 

earlier in the American system.  While these studies did not adjust for covariates in their 

assessment of hospital stay, we were unable to improve upon this limitation, because we 
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did not have enough study power to examine the effect of explanatory variables after 

stratifying by era to account for the interaction effect.   

  

5.4.3 Use of non-nerve-sparing surgical technique 

In our data, the use of non-nerve-sparing surgery was able to identify poor quality 

care even before controlling for covariates, although we do not advocate omitting this 

step.  The crude and adjusted odds ratios were of similar magnitude and displayed the 

same trend by volume.  Contrary to expectations, adjustment for explanatory variables 

actually moved the odds ratios further from unity, indicating that the distributions of the 

explanatory variables were masking some of the variation truly present.  However, given 

that treatment decisions are also based on severity of disease,5 the use of non-nerve-

sparing surgery as a quality indicator should ideally be used only where patient and 

disease characteristics can be adjusted for, in order to assure surgeons and other 

stakeholders that results truly identify quality problems rather than differences in 

covariate distributions. 

Our evidence on the validity of non-nerve-sparing surgery as a quality indicator 

represents new knowledge.  Both expert panels considered but ultimately rejected its use 

during their quality indicator development processes,9,58 and it has not been examined at 

all in the quality indicator and volume literature.  Our findings suggest that following 

further investigation, non-nerve-sparing surgery could become a useful surrogate for 

evaluating the presence of late morbidities following further investigation, since the use 

of the nerve-sparing technique has been shown to increase the recovery of continence and 
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erectile function after radical prostatectomy in the literature,2,17,36,37,55,56,59-61 and because 

it is much easier to capture in the absence of system-wide use of validated questionnaires. 

 It should be noted that the unusually high ORs for the < 7/m volume category 

reflect the observation that patients in this group received many non-nerve-sparing 

surgeries from institutions where volume is believed to have been overestimated.    

 

5.5 Effect of explanatory variables 

 We were able to assess the impact of each explanatory variable on the volume-

quality indicator relationships for blood transfusions and use of non-nerve-sparing 

surgery, but not for length of hospital stay, due to our finding of an interaction effect by 

era of diagnosis. 

 For blood transfusions, the odds ratios adjusted for explanatory variables were 

closer to unity than the crude ORs.  Era of diagnosis was responsible for the greatest 

impact in the crude estimates, followed by biopsy Gleason score and pre-treatment PSA.  

Era may have confounded the volume-blood transfusion relationship because of better 

techniques developed in later years that may have required fewer blood transfusions on 

average.  In addition, confounding by Gleason score and PSA may have occurred because 

surgeries performed on patients with more severe disease may have been more 

technically difficult, resulting in more complications and a greater chance that blood 

transfusions were required.  This confounding demonstrates that it is important to 

separate the effect of disease severity in order to observe the impact of surgeon 

experience on blood transfusion requirement. 
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 For the use of non-nerve-sparing surgery, the odds ratios adjusted for explanatory 

variables were closer or further from unity than the crude ORs, depending on the volume 

category.  These changes were due to only two of the seven explanatory variables that 

were assessed, biopsy Gleason score and pre-treatment PSA, reflecting the impact of 

disease severity on the surgeon’s decision as to whether it is possible and/or useful to 

apply the nerve-sparing technique.  In general, the lack of association with most 

explanatory variables suggests that the use of non-nerve-sparing surgery is much less 

dependent on patient and disease characteristics than blood transfusions, and might be 

more a matter of surgeon choice and skill. 

 Four of the explanatory variables examined had little effect on the crude odds 

ratios of either quality indicator.  Socioeconomic status did not appear to have affected 

the quality of care or the recovery course.  Age and comorbidity may not have had an 

effect because most of the patients sampled met the recommended criteria to receive 

surgery on these variables.  Finally, clinical T category may not have confounded the 

relationships because patients with more severe disease among those receiving surgery 

are better indicated by higher PSA levels and Gleason scores than by the T classification.  

However, it should be noted that in bivariate analyses, a greater proportion of patients 

treated in the lower volume hospitals had higher T category disease than in higher 

volume hospitals.  This may be because radiotherapy is centralized and is unavailable in 

lower volume hospitals.  Patients with more severe disease for which radiotherapy is 

more appropriate may have received surgery because it was not possible to travel to a 

regional cancer center offering radiotherapy, and/or were not given a choice to do so.  

This system quality issue has been demonstrated previously.102  
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We think that it is necessary to control for confounders in quality assessments.  

Our examination of explanatory variables found similar trends in quality before and after 

adjustment, and these changes were only attributed to a few covariates.  However, we do 

not advocate the use of these quality indicators without proper consideration of patient 

and disease characteristics, as the similar results that we observed may have been due to 

chance.  Adjustment should always be performed to account for the different patient 

groups for whom different surgeons provide treatment before assessing quality. 

 

5.6 Strengths and limitations 

5.6.1 Stratified sampling strategy 

The Regional Cancer Center-based stratified random sampling strategy used to 

create the study population in the parent study (see Section 3.4) has implications on the 

study results and their interpretation. 

Since sampling fractions varied by Ontario RCC, overall results are not 

representative of the province.  Oversampling in the smallest RCCs was an advantage in 

providing more subjects treated in low volume hospitals for study.  However, as 

univariate descriptive statistics on our entire study population were not weighted by the 

sampling fractions used, those results cannot be interpreted as representing practice and 

covariate distributions in Ontario. 

A further consequence of the variable sampling fractions was that patients within 

each of our volume categories were not a random sample of all patients seen at Ontario 

hospitals falling within that surgical volume range.  Still, there was random sampling 

within each RCC, where patients were not more or less likely to be included depending 
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on the quality of care received.  Therefore, we do not think that our results were biased 

but again, results within each volume category cannot be interpreted as the provincial 

experience.  Since our purpose was to evaluate validity and not to describe provincial 

rates, this is not a concern, but readers should take note that a limitation of our study is 

that results are not representative of the Ontario experience. 

 

5.6.2 Other Strengths 

This was the first Canadian study examining the feasibility and validity of quality 

indicators in localized prostate cancer surgery.  This was also the first study in the field 

looking at the relationship between quality indicators and volume that considered the 

effect of explanatory variables in detail, and was not based on U.S. administrative data, 

which have little information on covariates.  The OCR was a high quality and complete 

source to identify cases and together with the DAD, to calculate overall hospital volume.  

Non-participation was not an issue because patient recruitment was not required, and our 

study population captured 97.6% of the sample of patients confirmed to have received 

radical prostatectomy as curative treatment.  Finally, we used high-quality, medical chart 

data, many from more than one chart, with a high capture rate in a carefully controlled 

abstraction process to assess quality indicators.  Chart abstractors were likely unbiased, as 

they were unaware of the study objectives. 
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5.7.2 Other Limitations 

Even using high-quality, work-intensive medical chart abstraction data, it was not 

feasible for us to assess all of the candidate quality indicators we had wished to examine 

a priori.  Because of missing follow-up and infrequent events, we could not perform 

regression analyses on adverse outcomes including acute complications, undetectable 

PSA at first follow-up after surgery, positive surgical margins, erectile dysfunction, 

urinary incontinence, and biochemical disease-free-survival.  For the three volume-

process quality indicator associations we were able to analyze in detail, there were 

several limitations.  The first was the volume misclassification caused by hospital 

amalgamations during the study period, as discussed in Section 5.4.  Also, we analyzed 

hospital volume as the more proximate measure of surgeon volume was unavailable.  As 

demonstrated in a previous study,23 this likely reduced the strength of our findings, 

particularly for blood transfusions and use of non-nerve-sparing surgery, which are likely 

to be more related to the surgery rather than hospital practice.  Length of stay is likely 

more influenced by hospital polices than the other two indicators and thus, the impact of 

using hospital instead of surgeon volume is uncertain for this indicator.  Next, the 

inaccuracy caused by the assignment of some Gleason scores based on level of cellular 

differentiation, and the dichotomization of clinical T category, may have caused 

incomplete control of disease severity.  Lastly, our study sample may have excluded 

some patients who were incorrectly coded as only having lymph node dissection in the 

DAD rather than the radical prostatectomy that they actually received.  However, this 

number is likely to have been very small, and the strength of our results and the volume 
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trend observed make it unlikely that this minor selection bias could account for all of the 

variations seen. 

 

5.8 Summary of common themes and implications 

We examined the feasibility of recommended quality indicators for radical 

prostatectomy.  It was not feasible to assess urinary incontinence, erectile dysfunction, 

undetectable PSA level at first follow-up, and biochemical disease-free survival using our 

data.  While it was feasible to assess acute surgical complications and positive surgical 

margins, it was ultimately not possible to demonstrate their construct validity due to low 

study power for acute complications and a high proportion of pathology reports that did 

not state margin status.  However, we found that the actual pathology reporting of 

positive margin status was more common in higher volume hospital, further validating its 

current use by CCO as an indicator of overall quality of care17,49 and demonstrating the 

importance of consistent pathology reporting to allow for the assessment of positive 

surgical margins. 

  We demonstrated that blood transfusions, length of hospital stay, and use of non-

nerve-sparing surgery were valid indicators of surgical quality by testing their convergent 

construct validity against hospital volume.  Although the odds ratios for blood 

transfusions and use of non-nerve-sparing surgery showed similar volume trends and 

magnitudes before and after explanatory variable adjustment, quality assessment should 

always control for confounders to ensure appropriate comparisons.  That these quality 

indicators identified worse outcomes in < 7/m group caused by hospital amalgamation 
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further validated their ability to detect problems with quality, despite the fact that none 

were in the exact format recommended by the expert panels. 

The advantages of the three validated quality indicators are that they do not 

represent long-term outcomes, and organizations such as Cancer Care Ontario do not 

need to review medical charts in order to evaluate them.  They all relate to events that 

occur during or in the days shortly after surgery, unlike a much longer-term outcome 

such as biochemical disease-free survival, where data may no longer be relevant by the 

time it is collected and analyzed more than 5 years after surgery, as past treatment 

approaches may already be out of date.9  Also, it should be possible to track these 

outcomes electronically for timely, continuous quality assessment and improvement. 

 Finally, we were also able to examine volume as a quality indicator.  The worse 

outcomes in the < 7/m higher volume group identified by the three validated quality 

indicators illustrate the concern that volume, while a good indicator of average quality, is 

an insufficient measure to pinpoint quality issues more specifically.  This finding 

provides further justification towards our efforts in validating better, more proximate 

quality indicators that will identify problems in surgical quality and suggest areas for 

improvement. 

 

5.9 Recommendations and future research 

 Although we found that blood transfusions of 3+ units or greater, length of 

hospital stay, and use of non-nerve-sparing surgery converge with hospital volume, these 

quality indicators should be further validated through other tests before their 

implementation.  For example, the predictive validity of a quality indicator such as the 
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use of non-nerve-sparing surgery could be tested to see whether it predicts another related 

quality indicator that occurs later after surgery, such as incontinence.103  Demonstration 

that the non-nerve-sparing technique predicts urinary function may further validate its use 

as a suitable proxy for late morbidities.   

If their validity is further demonstrated, these three indicators can be applied in 

the quality of care assessment and improvement process, which was shown to be 

effective by the increased compliance in pathology reporting after its implementation by 

CCO as an area for quality improvement.49  Recent electronic data can be monitored to 

assess quality using validated indicators in a timely manner, providing descriptions of 

prostate cancer surgical care and identifying areas in need of quality improvement, and to 

detect changes after interventions.  Length of hospital stay is already recorded in the 

Canadian Institute for Health Information’s Discharge Abstract Database.  The use of 

nerve-sparing surgery and total blood transfusions required may already be recorded 

electronically.  If not, systems could be developed to track these events in the future, as 

they are concrete events and could be easy to report within a short time frame after 

surgery.  Long lengths of stay and high rates of blood transfusions can be markers of 

hospitals where quality requires improvement, and hospitals with high non-nerve-sparing 

surgery rates may be targets for surgical mentoring programs to familiarize those 

surgeons with the most effective techniques. 

 More work remains to be done for the candidate quality indicators that we could 

not feasibly assess in our study, including urinary incontinence and erectile dysfunction.  

In the absence of follow-up data on these two late morbidities, the use of non-nerve-

sparing surgery was used as a surrogate measure.  However, as important patient 
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outcomes following surgery, urinary incontinence and erectile dysfunction are more 

preferable and proximate indicators of the impact of surgeon skill.  Therefore, widespread 

implementation of validated questionnaires to assess these late morbidities is ideal in 

order to consistently measure and to compare those outcomes across the province. 

We also advise further study on undetectable PSA after surgery and positive 

surgical margins as potential quality indicators.  These measures are important because 

they could describe the effect of surgical quality on cancer control and risk of recurrence.  

A PSA test performed consistently throughout the province shortly after surgery would 

provide a quality indicator within a short time frame after treatment.  However, the 

presence of positive surgical margins might be more feasible to capture than undetectable 

PSA, as margin status is already consistently reported in the post-surgical pathology 

reports found in medical charts. 

Finally, future studies may wish to assess the feasibility and validity of the other 

recommended quality indicators that we did not consider in our study.  It was not within 

the scope of this study to examine all of the indicators recommended by RAND and 

CCO, as our focus was on surgical quality. 

 Ultimately, the goal of the entire quality process is to improve patient outcomes 

following radical prostatectomy through feedback to surgeons, heads of surgical 

departments, hospital administrators, and quality councils.  Identifying groups with 

poorer outcomes will allow surgeons to modify their surgical care such that post-surgical 

outcomes can be optimized not only in tertiary care institutions, but in all hospitals 

throughout the province. 
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APPENDIX I:  Medical chart abstraction form (selected pages) 
 

Initial Surgery and Morbidity 

1. Intraoperative Course 
 
Units of blood given during surgery:  _______________ 
Duration of surgery (in minutes, from first cut to closure):  _______ 
Intraoperative hemorrhage? Y/N/U ________ 
Intraoperative MI?  Y/N/U ____ 
 
Operative report of prostatectomy present in chart?    (Y/N)  _____ 
Operative report of prostatectomy photocopied?         (Y/N)  _____ 
 
Surgical pathology report of prostatectomy present in chart?  (Y/N)  _____ 
Surgical pathology report of prostatectomy photocopied?       (Y/N)  _____ 
 
2. Post-operative Course 
 
Post-operative nadir hemoglobin:  _______________ 
 
Exit hemoglobin at end of hospital stay:  __________ 
 
Was iron therapy initiated during the patient's hospital stay? Y/N/U ___ 
  
Units of blood given in the post-operative period:  ________ 
 
Was the patient admitted to ICU during the hospital stay? Y/N/U_____ 
 
For how many days after surgery did the catheter remain in place?  _____ 
 
Length of hospital stay: _____ days 
 
3. As a direct consequence of the prostatectomy, is there any record in the chart that 
the patient sustained: 

Intraoperative rectal injury? Y/N/U ____ 
Permanent rectal injury? Y/N/U____ 
Thromboembolism? Y/N/U____ 
Urethral stricture? Y/N/U____ 
MI < 7 weeks after surgery? Y/N/U _____ 
Ongoing urinary drainage from the Jackson-Pratt tube or urinary leakage 
(anastomotic leak) lasting more than 6 weeks? Y/N/U ____ 
Chart information incomplete ______ 
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Presenting Symptoms 

#1. Incontinence? Y/N/U ___  
If yes, degree of severity (see "Incontinence" in instruction manual for definitions):  

 Mild ___ 
 Moderate ____ 
 Severe ____ 
 Cannot be determined ____ 
 
#2. Erectile dysfunction (pre-tx)? Present/Absent/Unknown ___ 
 
 

Late Morbidity (> 90 Days of Cessation of Radiotherapy Tx or Prostatectomy) 
 
#1. Incontinence? Y/N/U ___  
If yes: 

a) Degree of severity (see "Incontinence" in instruction manual for           
definitions):  

   Mild ___ 
   Moderate ____ 
   Severe ____ 
   Cannot be determined ___ 

b) Was there chart documentation of any secondary procedure to treat     
the incontinence (i.e. collagen injection or artificial urinary                     
sphincter)?   Y/N ___ 
c) Number of pads per day (record the total per day if stated or U if          
unknown)? _____ 
d) How wet were the used pads? 
    Damp, Wet, Saturated, Unknown, Other     ____     
    If other, specify____ 

 
#2. Erectile Dysfunction 
   
Is there any documentation in the medical record regarding sexual function > 90 day post-
treatment? Y/N____ 
If yes: 
  a) Did the patient have a sexual partner? Y/N/U _____ 
  b) Were they sexually active? Y/N/U ______ 
   Briefly describe: _______________________ 
   ___________________________________________ 
   ___________________________________________ 
  c) Were they sexually functional? Y/N/U ______ 
   Briefly describe: _______________________ 
   ___________________________________________ 
   ___________________________________________ 
  d) What was the erectile status? Known/Unknown ______ 

If the erectile status is known, please record verbatim description: 
____________________________________________ 

   ____________________________________________ 
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e) Were aids (Viagra, injections, penile implant, etc.) required to achieve 
and/or maintain an erection for the purpose of sexual intercourse?  
 Y/N/U ____ 
f) If aids (Viagra, injections, penile implant, etc.) were prescribed to achieve 
and/or maintain an erection for the purpose of sexual intercourse, please list 
date of evaluation, type of treatment and treatment success. 
 

 Date Prescribed(dd/mmm/yyyy)   Type of Treatment    Success? Y/N/U           
  ___________                    ________________            ________ 
  ___________                              ________________            ________ 
  ___________                              ________________            ________ 
 
 

PSA Pre-Treatment  
 
(#)Were any PSA levels recorded in the chart from tests done up to one year prior to 
treatment?  (Yes, No or not Mentioned) ________ 
 
First PSA level:      (dd) ___(MMM) ____ (yyyy)_____ 1st Score  ____    ng/ml 
Second PSA level: (dd) ___(MMM) ____ (yyyy)_____ 2nd Score  ____    ng/ml 
Third PSA level:     (dd) ___(MMM) ____ (yyyy)_____ 3rd Score  ____    ng/ml 
Fourth PSA level:   (dd) ___(MMM) ____ (yyyy)_____ 4th Score  ____    ng/ml 
 

Post-treatment PSAs 
 
(#) RECORD DATES AND LEVELS OF ALL POST-TREATMENT PSAS 
 
DO NOT RECORD ANY PSA VALUES THAT OCCUR AFTER FOUR CONSECUTIVE 
RISES.  FULLY DOCUMENT THOSE FOUR RISES AND ALL POST-TREATMENT 
PSAS THAT OCCURRED PRIOR TO THE FOUR CONSECUTIVE RISES.  IF THE 
PATIENT DOES NOT EXPERIENCE FOUR CONSECUTIVE RISES, RECORD ALL 
POST-TREATMENT PSA VALUES FROM COMPLETION OF TREATMENT 
THROUGH THE END OF FOLLOW-UP IN THE CHART. 
 
PSA level 1 ______ Date 1 (dd) ___   (MMM) ____ (yyyy)________    
PSA level 2 ______ Date 2 (dd) ___   (MMM) ____ (yyyy)________ 
PSA level 3 ______ Date 3 (dd) ___   (MMM) ____ (yyyy)____ 
PSA level 4 ______ Date 4 (dd) ___   (MMM) ____ (yyyy)________ 
PSA level 5 ______ Date 5 (dd) ___   (MMM) ____ (yyyy)________    
PSA level 6 ______ Date 6 (dd) ___   (MMM) ____ (yyyy)________ 
PSA level 7 ______ Date 7 (dd) ___   (MMM) ____ (yyyy)________    
PSA level 8 ______ Date 8 (dd) ___   (MMM) ____ (yyyy)________ 
PSA level 9 ______ Date 9 (dd) ___   (MMM) ____ (yyyy)________    
PSA level 10 ______ Date 10 (dd) ___ (MMM) ____ (yyyy)________ 
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Pathological Findings 
 
4. Surgical Margins from pathology report (more than one can be checked):   
  All margins grossly and microscopically negative _____ 

Equivocal _____ 
Macroscopic involvement _____ 
Microscopic involvement _____ 
Focally positive _____ 
Extensively positive _____ 
Margins involved, NOS or Positive unspecified _____ 
Apical margin positive _____ 
Margins other than apical margin involved _____ 
Single margin involved _____ 
More than one margin involved ____ 
Close ____ 
Other (specify) ________________ 
Unknown whether margins were involved (positive)  or 
negative_______  

 
Which margin(s) were positive (more than one can be checked)? 
 Lateral ___ 
 Apical ___ 
 Posterolateral ____ 
 Bladder neck ___ 
 Other (specify) ___________________________ 
 Unknown _____ 
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Recurrence/Spread 
 
Residual Disease 

 
1.  (#) Was there a finding of residual disease after the completion of all initial treatment? 
Y/N/U _____ 
 
Recurrence 
 
2.  (#)Once initial treatment was complete, was there a record in the chart of failure either 
by clinical exam (positive DREs), histologically (positive biopsies), on diagnostic imaging 
(bone scan), or biochemically (PSA > 1.5 ng/ml after nadir of < 1.5 ng/ml for radiotherapy 
cases OR > 0.5 ng/ml after prostatectomy for surgical cases) or any statement of PSA failure 
in the chart?  
Y/N/U _____ 

 
3.  Was there a local failure as defined by:  
Positive biopsy? Y/N/U ____  Date: (dd) ___(MMM) ____ (yyyy)_____ 
Positive DRE? Y/N/U _____  Date: (dd) ___(MMM) ____ (yyyy)_____ 
PSA > 1.5 ng/ml for R/T (after nadir of <1.5 ng/ml) OR > 0.5 ng/ml for surgical cases (any 
time after prostatectomy) or any statement of PSA failure in the chart?  
Y/N/U ___ Date: (dd) __(MMM) ___ (yyyy)___ 
 
4.  Was there a regional failure as defined by:  
Positive lymph nodes detected using CT scan? Y/N/U ____   
Date: (dd) ___(MMM) ____ (yyyy)_____ 
Positive lymph nodes detected by L N sampling? Y/N/U ____  
Date: (dd) ___(MMM) ____ (yyyy)_____  
Positive lymph nodes detected by other diagnostic tests ? Y/N/U ____  
Date: (dd) ___(MMM) ____ (yyyy)_____ 
  
5.  Was there distant failure as defined by: 
Distant metastasis on bone scan, CT, US or MRI? Y/N/U ____  
Date: (dd) ___(MMM) ____ (yyyy)_____ 
   
6.  Treatment(s) administered for residual disease/recurrence:  
Surgery? Y/N/U ____  Date: (dd) ___(MMM) ____ (yyyy)_____  
Chemotherapy? Y/N/U ___  Date: (dd) ___(MMM) ____ (yyyy)_____ 
Radiotherapy? Y/N/U ___ Date: (dd) ___(MMM) ____ (yyyy)_____ 
Hormones? Y/N/U ____ Date: (dd) ___(MMM) ____ (yyyy)_____ 
Orchiectomy? Y/N/U ___ Date: (dd) ___(MMM) ____ (yyyy)_____ 
Other (describe)______________? Y/N/U ____ Date: (dd) ___(MMM) ____ (yyyy)_____  
None ____ 
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APPENDIX II:  Data processing 

 

Table II.1:  Acute complications and blood transfusion rates 
 

 Yes* Unknown 
 
 

N % N % 

Any blood transfusion 
 

378 58.6 - - 

Blood transfusion of 3+ units 
 

158 24.5 - - 

 
Any of thromboembolism, rectal injury, 
myocardial infarction, or death 
 

 
29 

 
4.5 

 
- 

 
- 

Thromboembolism 
 

14 2.2 24 3.7 

Rectal injury 
 

7 1.1 23 3.6 

Myocardial infarction 
(within seven weeks after surgery only) 

 

7 1.1 181 28.1 

Death 
 

3 0.5 8 1.2 

   * All within 90 days after surgery, unless otherwise specified. 

 
 

Table II.2:  Urinary incontinence rates 
 

 Yes Unknown 
 
 

N % N % 

Before surgery 
 

17 2.6 67 10.4 

> 90 days cessation of initial treatment 
 

162 25.1 208 32.3 
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Table II.3:  Erectile dysfunction rates 
 

 Yes Unknown 
 
 

N % N % 

Before surgery 
 

87 13.5 312 48.4 

> 90 days cessation of initial treatment 
 

268 
 

41.6 
 

359 55.7 

Erectile dysfunction pre-surgery 
 
Erectile dysfunction post-surgery only 

 

87 
 

181 

13.5 
 

28.1 

  

 

Table II.4:  Classification of verbatim erectile status descriptions into erectile 
dysfunction status 
 

Erectile dysfunction Verbatim erectile status descriptions 
 
Yes 
 

 
Clear statement of erectile dysfunction since surgery, not sexually 
active, use of vacuum device (i.e. Erecaid), ICI (intracavernosal 
injections), occasional aid with MUSE or Viagra, decreased 
potency, sought treatment for ED, partial/occasional erections, 
erections insufficient for intercourse 
 

No 
 

Normal erections, improvement, adequate for intercourse, sexually 
active 
 

 

Table II.5:  Classification of pathology report comments into positive surgical 
margins categories 
 

Category Comments on pathology reports 
 
Yes – Extensive 
 

 
Macroscopic involvement, extensively positive 

Yes – Minimal 
 

Microscopic involvement, focally positive, apical margin positive, 
margins other than apical margin involved, single margin involved, 
more than one margin involved, margins involved, NOS or positive 
unspecified 
 

No 
 

All margins grossly and microscopically negative, equivocal, close 

Unknown 
 

Unknown whether margins were involved (positive) or negative 
(No reference made to margin status on pathology reports) 
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Table II.6:  Event distribution for 5-year disease-free survival 
 

First evidence of failure N % 
 
1 – Residual disease 
 

 
181 

 
28.1 

2 – Positive biopsy post-surgery 
 

3 0.5 

3 – Positive digital rectal exam post-surgery 
 

1 0.2 

4 – Biochemical failure: PSA >=0.5 ng/mL or any 
statement of PSA failure in the chart 
 

58 9.0 

5 – Regional failure 
 

- - 

6 – Distant failure 
 

4 0.6 

7 – Death if none of 2-6 occurred first 
 

8 1.2 

0 – Censored 
 

202 31.3 

Missing 
 

188 29.2 

 

Table II.7:  Hormone therapy rates 
 

 Post surgery Pre & Post 
surgery 

Pre Surgery None 

 
 

N % N % N % N % 

Hormone therapy 
 

11 1.7 6 0.9 163 25.3 465 72.1 

 

Table II.8:  Additional non-prostatectomy initial treatment rates 
 

 Yes Unknown 
 
 

N % N % 

Post-surgery hormone therapy 
 

17 2.6 - - 

Other prostate cancer related surgery 
 

- - 11 1.7 

Chemotherapy 
 

- - 12 1.9 

Adjuvant radiotherapy 
 

9 1.4 - - 
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Table II.9:  Type of radical prostatectomy rates 
 

 Retropubic Perineal Other Unknown 
 
 

N % N % N % N % 

Type of radical 
prostatectomy 
 

577 89.5 50 7.8 1 0.2 17 2.6 

 

Table II.10:  Distribution of study subjects by year of diagnosis 
 

Year of diagnosis N % 
 

1990 
 

20 
 

3.1 
1991 46 7.1 
1992 47 7.3 
1993 76 11.8 
1994 90 14.0 
1995 66 10.2 
1996 103 16.0 
1997 93 14.4 
1998 

 
104 16.1 

 
 
 
Table II.11:  Gleason score frequencies before and after assigning scores using level 
of differentiation data 
 

Assigned 
Gleason score 

BEFORE: 
Gleason score only 

AFTER: 
Gleason score + assigned 

level of differentiation 
 
 

N % N % 

2 15 2.3 15 2.3 
3 23 3.6 78 12.1 
4 53 8.2 53 8.2 
5 101 15.7 101 15.7 
6 159 24.7 186 28.8 
7 131 20.3 131 20.3 
8 26 4.0 26 4.0 
9 9 1.4 15 2.3 

Unknown 
 

128 19.8 40 6.2 

 

 124



APPENDIX III:  Ethics approvals 
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APPENDIX IV:  Supplementary results 
 
 
Interpretation of figures in this section: 
 
 For all plots, the x-axis represents the estimated probability of experiencing or not 

experiencing the dichotomous outcome (blood transfusions, non-nerve-sparing 
surgery) 

 
 For Figures IV.1, IV.2, IV.4 and IV.5: 

o The y-axis measures the change in the Pearson chi-square (Figures IV.1, IV.4) 
or deviance (Figures IV.2, IV.5) when each observation is deleted 

o Ill-fitting points are those found in the top right and top left corner of the plot, 
at some distance from the balance of the data plotted, or with changes in the 
Pearson chi-square or deviance diagnostic above 4.0 

 
 For Figures IV.3 and IV.6: 

o The y-axis measures the change in the confidence interval when each 
observation is deleted 

o Influential points have a confidence interval displacement diagnostic greater 
than 1.0 

 
 In these figures, even though a few ill-fitted points are identified in Figures IV.1, 

IV.2, IV.8, and IV.9, there were no points with a confidence interval displacement 
diagnostic above 1.0 that were extremely influential to either the blood transfusions 
or non-nerve-sparing surgery parsimonious models 
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Figure IV.1:  Change in Pearson chi-square diagnostic from deleting individual 
observations versus the estimated probability from the fitted parsimonious model for total 
blood transfusions of three units or greater 
 
 

 
 
Figure IV.2:  Change in deviance diagnostic from deleting individual observations versus 
the estimated probability from the fitted parsimonious model for total blood transfusions 
of three units or greater 
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Figure IV.3:  Confidence interval displacement diagnostic from deleting individual 
observations versus the estimated probability from the fitted parsimonious model for total 
blood transfusions of three units or greater 
 

 
 
Figure IV.4:  Change in Pearson chi-square diagnostic from deleting individual 
observations versus the estimated probability from the fitted parsimonious model for use 
of non-nerve-sparing surgical technique 
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Figure IV.5:  Change in deviance diagnostic from deleting individual observations versus 
the estimated probability from the fitted parsimonious model for use of non-nerve-
sparing surgical technique 
 
 

 

Figure IV.6:  Confidence interval displacement diagnostic from deleting individual 
observations versus the estimated probability from the fitted parsimonious model for use 
of non-nerve-sparing surgical technique 
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