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Abstract 
 

Background: Research into Colorectal cancer (CRC) require maintenance of clinical cancer 

databases with complex datasets. These are resource intensive, region specific, and 

compromised by reporting bias [1]. Administrative data are routinely captured for each 

hospital admission and may serve as an alternative source for populating databases. 

However, the accuracy of administrative data has not been fully explored and may vary by 

data item. The aims of this study included identifying a cohort of new CRC patients from 

administrative data, measuring its accuracy, and deriving coding algorithms to improve the 

accuracy of diagnoses, procedures and short-term outcomes.  

 

There has been much debate that major surgery, in particular for cancer patients, should be 

concentrated in tertiary centres, based on the premise that high volume centres achieve 

better outcomes. In this study, we investigated two hypotheses: that the majority of 

complex colorectal cancer resections are performed in major city hospitals and that the 

short-term outcomes are better in CSSANZ (Colorectal Surgical Society of Australia and New 

Zealand) hospitals.  

 

Large Inpatient administrative databases are a common source used to identify 

comorbidities recorded with International Classification of Disease (ICD) diagnostic codes. 

These data sources may be used to assess the effect of baseline comorbidity status on 

surgical care outcomes. In this study, we hypothesized that the ASA PS (American Society of 

Anaesthesiologists physical status) classification can predict short-term outcomes after a 

colorectal cancer resection when compared to the Elixhauser comorbidity index (ECI). 

 

Methods: A retrospective study was conducted to identify all new colorectal cancer 

resections at The Royal Melbourne Hospital from 1st of January 2008 to 31st of December 

2013, using administrative data. Code combinations and algorithms were used to improve 

the accuracy of administrative data. 
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These algorithms were utilized to identify an accurate cohort of colorectal cancer resection 

cases from the Victorian Admitted Episodes Dataset (VAED), between July 2008 to June 

2013. The short-term outcomes and workloads were compared in public hospitals across 

the state of Victoria. 

 

The algorithms constructed were also utilised to identify an accurate cohort of CRC 

resection cases from Dr Foster Global Comparators Victorian dataset. ASA PS classification 

scores were identified from these cases. Multiple linear regression models were constructed 

to study the association between comorbidity indices and short-term outcomes. 

 

Results: It is possible to use administrative data to identify new colorectal cancer patients 

who have had a surgical resection, using specific coding algorithms.  Administrative data has 

an accuracy of 80-100% for most data fields, and this accuracy can be improved using coding 

algorithms.   

 

An accurate cohort of colorectal cancer resection cases was identified from the VAED 

dataset. Seventy-three percent of CRC resections in the state were performed in 

metropolitan city hospitals. There was no significant difference in LOS (length of stay), 

mortality and reoperation rates between CSSANZ and non-CSSANZ hospitals. This study 

demonstrates that administrative data is both cost-effective and informative.  

 

The ASA PS model was indeed shown to be a strong predictor of the primary outcome: 

length of stay (LOS). The significant predictors of LOS were emergency operations, rectal 

cancer resections, ASA3 and patients age. The Elixhauser model was a better predictor 

than the ASA PS model. However, the full model adjusted for both the ECI and ASA PS grade 

was the best predictor of outcome. The study indeed showed the ability of the ASA PS 

classification to identify short-term clinical outcomes. 

 

Conclusion: These studies make the possibility of a Victorian CRC registry containing all 

surgical CRC patients a real possibility. Such a registry would enable outcomes research 

across the whole state with the possibility of data linkage to international administrative 

data sets.  
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1.  Background  

 

Clinical colorectal cancer registries (CCCR) are potentially powerful tools in the study of 

cancer and can positively impact on the value, efficiency, effectiveness and resource 

allocation in the management of CRC globally(2). Hospital administrative data are 

increasingly being used to explore surgical outcomes in research and audit (3). In order to 

adequately adjust for comorbidities in these databases, a number of indices have been 

developed to measure and weigh the overall burden of comorbidities (4).  

 

1.1 Colorectal cancer  

 

1.1.1 Definition, epidemiology and geographic distribution 

 

Colorectal cancer (CRC) arises from the epithelial lining of the colon or rectum (5). Ninety 

percent of all colorectal cancers are adenocarcinomas. In Australia, CRC is the second most 

frequently diagnosed internal malignancy and the second most common cause of cancer 

death. There is a dramatic increase in CRC diagnosis and death from the 5th decade (6, 7), 

with the median age at diagnosis being 70 years in developed countries (8). One in 17 

Australian males and 1 in 26 Australian females will develop CRC. The estimated number of 

new cases of colorectal cancer to be diagnosed in 2017 is 16,682, which comprise 12.4% of 

all new cancer cases diagnosed (9). 

 

The highest incidence is reported in Europe, North America, and Oceania, whereas 

incidence is lowest in some countries of south and central Asia and Africa (10). However, 

rapid increases in previously low-risk countries, such as Spain and several countries in 

eastern Europe and east Asia, have been noted, which have been ascribed to changes in 

dietary patterns and risk factors towards a so-called western lifestyle (11). However, in the 

USA and several other high- income countries, incidence has stabilised or started to 

decrease, probably because of increased use of sigmoidoscopy and colonoscopy with 

polypectomy (10, 12, 13).  
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1.1.2 Aetiology and pathophysiology  

 

The aetiology of CRC is multi-factorial with genetic factors, environmental exposures 

(including diet), and inflammatory conditions of the digestive tract all influencing its 

development (14, 15). The majority of colorectal cancers are sporadic whereas 5-10% are 

inherited syndromes, for example Hereditary Non-Polyposis Colon Cancer (HNPCC) and 

Familial Adenomatous Polyposis (FAP). The development of CRC is postulated to follow the 

adenoma-carcinoma sequence. In this model, there may be a natural progression from 

benign polyps into invasive cancerous lesions (16). The vast majority of colorectal 

adenocarcinomas derive from precursor lesions such as adenomas and dysplasia (17). 

Vogelstein proposed a multi-step model identifying key mutations (18) which appear to 

involve APC, KRAS and p53 genes. It is now recognised, that certain hyperplastic or 

“serrated” polyps similarly give rise to cancer (19). Multiple risk factors are associated with 

the development of CRC, which include smoking, alcohol, diet (excessive red meat and 

processed food consumption), obesity and decreased physical activity (15, 16). 

 

The majority of colorectal cancers are of a single histogenetic type. The tumours arise 

ultimately from pluripotent stem cells present in the large bowel crypt. Other rare types of 

colorectal carcinomas include neuroendocrine, squamous cell, adenosquamous, spindle cell 

and undifferentiated Carcinomas (17). Adenocarcinoma can be subdivided by its 

microscopic features into well, moderately and poorly differentiated forms. Poorly 

differentiated cancers often have a mucinous signet ring morphology and these cancers 

have a distinctly poorer prognosis than the generality of cases (20).  

 
1.1.3 Diagnosis and staging 

 

Early colorectal cancer typically has no symptoms, but may be discovered with a positive 

faecal occult blood test (FOBT) and subsequent colonoscopy. As the lesion enlarges, a 

change in bowel habit, rectal bleeding or abdominal pain may commence. Right-sided 

tumours have a tendency to present with anaemia; left-sided lesions are more likely to 

cause abdominal pain, obstruction or rectal bleeding (5). 



3 
 

Diagnosis of colorectal cancer is made histologically from biopsy samples taken during 

endoscopy (13). Staging is considered mandatory. It should address three areas: assessment 

of local disease, metastatic disease and synchronous colonic disease (21).  

 

Computed tomography (CT) of the chest, abdomen and pelvis provide adequate staging in 

most cases. Magnetic resonance imaging (MRI), is recommended for local staging of rectal 

cancers, particularly to determine the risk of the circumferential margin (CRM) being 

involved or threatened by tumour (22). This is essential to the planning of surgery and to 

allow consideration of neoadjuvant therapy (21). 

 

About 20% of patients with newly diagnosed colorectal cancer present with distant 

metastases (23). The most common location is the liver. Lung metastases were identified in 

2·1% of patients newly diagnosed with colorectal cancer in a large cancer registry in France 

(24). Further characterisation of equivocal liver lesions may be assisted by MRI. PET/CT 

provides valuable assessment to help exclude occult metastatic disease (25).  

 

Synchronous colorectal cancers are present in 2–3% of patients. These lesions should be 

diagnosed at colonoscopy, as this is crucial in planning a complete surgical resection (21, 

26).  

 

The clinicopathological staging in colon cancer is based on the TNM (tumour, node, 

metastases) system, developed and maintained by the American Joint Committee on 

Cancer/Union for International Cancer Control (Table 1-1) (27). The TNM categories reflect 

very similar survival outcomes for rectal and colon cancer; these diseases therefore share 

the same staging system. This pathologic stage is the most important prognostic factor and 

guides subsequent therapy.  

 
1.1.4 Management 

 

A careful multidisciplinary team (MDT) approach should be employed to ensure the best 

possible decision and outcome for each patient (16, 28). The management of colon and 

rectal cancer are distinct.  
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 Colon cancer 

 

Surgical resection is the foundation of curative treatment for localised colon cancer (stage I-

III) and select patients with limited metastatic disease (stage IV) (5). The goal of surgery is to 

resect the primary tumour en-bloc with clear resection margins and include all draining 

locoregional lymphatics that may contain micrometastases (16, 29). Colonic continuity is 

usually restored with a primary anastomosis. The colonic segment resected depends on the 

location of the primary tumour.  

 

Table 1-1: TNM staging for Colorectal Cancer 

Primary tumour 

TX Primary  tumor cannot be assessed 

T0 No evidence of primary tumor 

Tis intraepithelial or invasion of lamina propria 

T1 Tumour invades submucosa 

T2 Tumour invades muscularis propria 

T3 Tumour invades through the muscularis propria into the 
pericolorectal tissues 

T4a Tumour  penetrates to the surface of the visceral 
peritoneum 

T4b Tumour directly invades or is adherent to other organs or 
structures 

Regional lymph nodes 
NX Regional lymph nodes cannot be assessed 

NO No  regional lymph node metastasis 

N1 Metastasis in 1-3 regional lymph nodes 

N1a Metastasis in 1 regional lymph node 

N1b Metastasis in 2-3 regional lymph nodes 
N1c Tumour deposit(s) in the subserosa, mesentery, or 

nonperitonealized pericolic or perirectal tissues without 
regional nodal metastasis 

N2 Metastasis otherwise/Metastasis in 4 or more lymph nodes 

N2a Metastasis in 4-6 regional lymph nodes 

N2b Metastasis in 7 or more regional lymph nodes 

Metastases 

M0 No distant metastasis 

M1 Distant metastasis 

M1a Metastasis confined to 1 organ or site (eg, liver, lung, 
ovary, non-regional node) 

M1b Metastases in more than 1 organ/site or the peritoneum 

 
Open surgery used to be the only option available. Several meta-analyses (30-32) 
have shown that laparoscopic resection of colorectal cancer achieves the same 
oncological outcomes as open surgery, and is associated with a reduced number of 
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patients requiring blood transfusions, faster return of bowel function, and a shorter 
duration of hospital stay.   

 
Table 1-2: TNM staging for Colorectal Cancer 

Stage T N M 

0 Tis N0 M0 

I T1 N0 M0 

 T2 N0 M0 

IIA T3 N0 M0 

IIB T4a N0 M0 

IIC T4b N0 M0 
IIIA T1-T2 N1/N1c M0 

 T1 N2a M0 

IIIB T3-T4a N1/N1c M0 

 T2-T3 N2a M0 

 T1-T2 N2b M0 

IIIC T4a N2a M0 
 T3-T4a N2b M0 

 T4b N1-N2 M0 

IVA Any T Any N M1a 

IVB Any T Any N M1b 

 
 

Adjuvant chemotherapy is indicated for stage III, IV disease and high-risk stage II disease (T4 

tumours, perforated tumours, bowel obstruction at the time of surgery, and <12 lymph 

nodes removed) (13).  

 
 Rectal cancer  

 

The determination of an optimal treatment plan for an individual patient with rectal cancer 

is a complex process. In addition to decisions relating to the intent of rectal cancer surgery 

(i.e., curative or palliative), consideration must also be given to functional results of 

treatment, including the probability of maintaining or restoring normal bowel function/anal 

continence and preserving genitourinary functions; simultaneous achievement of the goals 

of cure and of minimal impact on quality of life.  

 

A variety of surgical approaches, depending on the location and extent of disease, are used 

to treat primary rectal cancer lesions. These methods include local procedures, such as 

polypectomy, transanal excision, and transanal endoscopic microsurgery (TEM). More 

invasive procedures include a transabdominal resection (e.g., low anterior resection [LAR], 

Ultra-low anterior resection [ULAR], abdominoperineal resection [APR]) (33, 34). An APR 
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with TME should be performed when the tumour directly involves the anal sphincter or the 

levator muscles. An APR is also necessary in cases where a margin-negative resection of the 

tumor would result in loss of anal sphincter function and incontinence.  

 

Patients with stage I disease should not be given any treatment in addition to surgery 

because the local recurrence rate is low (about 3%) and the benefit from neoadjuvant 

treatment very small (35). The oncological principles for the surgical treatment (non-local 

procedures) of rectal cancer is a total mesorectal excision, i.e., removal of the rectum 

together with the mesorectum around it and the surrounding envelope, the mesorectal 

fascia (36). Transanal excision is only appropriate for selected T1, N0 early-stage cancers. 

Node-negative T2 lesions are treated with transabdominal resection (37). 

 

Neoadjuvant chemoradiotherapy (CRT) is indicated for Patients with rectal cancer 

threatening, involving or beyond the mesorectal fascia (cT3-4 N0-2 M0), i.e., high risk stage 

II (T4 and advanced T3 tumours infiltrating the mesorectal fascia) and stage III rectal cancer, 

to improve the likelihood of achieving a clear CRM (28).  

 

Patients with stage III colon cancer have a risk of recurrence ranging between 15% and 50%. 

Adjuvant chemotherapy is recommended for all patients with stage III and high risk Stage II 

cancer (T4 tumours, perforated tumours, bowel obstruction at the time of surgery, and <12 

lymph nodes removed) (13).  

 

It is well established that 10–20% of patients achieve a pathological complete response 

(pCR) following preoperative CRT. If such patients can be accurately identified, it may be 

possible to avoid surgery (38). However, no randomized controlled trial data currently exist. 

Published retrospective series demonstrate considerable heterogeneity in patient selection, 

imaging modalities, CRT regimens, methods of defining clinical complete response (cCR) and 

follow-up protocols (39). A watch and wait policy in a patient achieving radiologically and 

endoscopically confirmed cCR is presently considered a trade-off between oncological and 

functional outcomes (40).  
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Patients with resectable liver or lung metastases should be offered surgical resection of the 

metastases. Palliative chemotherapy should be offered to patients with irresectable distant 

metastases (13).  

 

1.1.5 Prognosis 

 

Surgical resection of early stage CRC is associated with excellent long term survival. Stage I 

disease has a 5-year survival of 93.2%; stage II ranges from 72.2%- 84.7% and stage III from 

44.3% to 83.4%. stage IV has a survival of 8.1%. 

 
 

1.2 Clinical cancer registries 

 

A cancer registry is an information system designed for the collection, storage, 

management, and analysis of data on persons with cancer, usually covering a hospital or 

group of hospitals (41). Clinical registries are purpose-built databases for prospective data 

collection. They have been used to monitor health-care performance and track clinical and 

cost-effectiveness of treatments in real-world clinical practice (42). 

 

1.2.1 Types of cancer registries 

 

There are two major types of cancer registries: hospital-based registries (HBCR) and 

population-based registries (PBCR). Depending on the operators, population-based 

registries can be administrative, research, or cancer control oriented (43). 

 

There is another type of cancer registry: special cancer registry. These are cancer registries 

established to collect and maintain data on a particular type of cancer. For example, the 

Gilda Radner Familial Ovarian Cancer Registry is a special cancer registry that collects cancer 

information from those families with two or more relatives having ovarian cancer (43). 

 

Hospital-based cancer registries maintain data on all patients diagnosed and/or treated for 

cancer at a particular facility. The focus of the hospital-based cancer registry is on clinical 
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care and hospital administration. There are two sub-categories under hospital-based 

registries: single hospital registries and multi-institution registries. The primary goal of the 

single hospital (institution) registry is to improve patient care by medical audit-type 

evaluation of outcomes. On the other hand, the primary goal of collective registries (multi-

institution registries) is to improve patient care by supporting institutional registries with 

common standards and pooled data. They often seek to establish the natural history and 

aetiology of the reported cancers. 

 

Data collected by the population-based registry serves a wider range of purposes. They 

record all new cases in a defined population (most frequently a geographical area such as a 

state) with an emphasis on epidemiology and public health. Advantages of a population-

based cancer registry include cancer control programs, patient care programs, 

administrative programs, and cancer research programs. Cancer surveillance programs such 

as SEER (Surveillance, Epidemiology, and End Results) use cancer statistics collected by 

population-based registries to monitor the distribution of cases of cancer among certain 

occupations, communities, ethnicities, ages, and other demographic groups. Linkage 

services from this type of cancer registry for care providers provide a cost-effective source 

of data necessary for clinical program (43). 

 

1.2.2 Data fields 

 

The data items to be collected by a registry are dictated by the purpose for which the 

registry has been established, by the method of data collection used and by the resources 

available to the registry. Population-based cancer registries (PBCRs) aim to identify all cases 

of cancer that occur in a defined population. A defined set of variables is recorded for each 

case; the minimum number is 10, but most registries have a more extensive dataset (44).  

 

There is a set of basic items that are common to almost all cancer registries, as set out in 

Table 1-3. Optional data fields used in colorectal clinical cancer registries are set out in Table 

1-3. These fields reflect the key performance indicators that are important in CRC 

management.   
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Table 1-3: Data fields in colorectal cancer registries 

Data field Details 
Basic information  

Demographics Patient identification, gender, date of birth, hospital 
Diagnosis Site of tumour (colon or rectum), histology, 

diagnosis date 

Optional information  
Co-morbidities ASA score, co-morbidities 

Pre-operative staging Endoscopy findings, tumour location, biopsy, 
imaging, pre-operative T and M allocation 

Neoadjuvant 
treatment  

Chemotherapy (drug, dose), radiotherapy (regimen) 

Operation  Type, date, surgical access, anastomosis, stoma, 
surgeon, resection of adjacent organ 

Post-operative 
complications 

Surgical, medical, length of stay, mortality 

Post-operative staging Primary diagnosis, histology, distant metastases and 
location, lymph nodes with metastases, lymph 
nodes resected, distance to surgical resection plane 
(circumferential resection margin), post-operative 
TNM staging 

Adjuvant treatment Post-operative chemotherapy, post-operative 
radiotherapy 

Follow-up Death/alive, date of death 
Tissue bank  

 

1.2.3 Purpose and Benefits 

 

Registries are potentially useful and credible tools in measuring improvements in healthcare 

(42). Their purpose is to assess quality of care, identify patterns of care, facilitate real-world 

research, and improve performance (45).  

 

A registry is an ongoing quality assurance mechanism that is designed to identify and 

monitor differences in comparative outcomes within the community being surveyed. It is 

able to monitor changing practice and the impact of that change on outcomes, enabling 

surgeons to effectively use the data to guide their choice of treatment options (1). The 

Dutch Surgical Colorectal Audit has been credited with significantly reducing complication, 

re-intervention and post-operative mortality rates within two years of introduction of the 
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registry (46). Registries hence improve outcomes by engaging clinicians using credible data 

(42). 

 

Cancer registries have been widely used in epidemiological research. Descriptive studies use 

the registry database to examine differences in the incidence of cancer, according to 

variables associated with place, time and personal characteristics. For example, the role of 

diet in colon cancer was suggested by geographic variations (47, 48), international 

correlations (49), migrant studies (50) and time trends (51). They are also widely used to 

follow up specific groups of individuals (cohorts) to detect the occurrence of new cases of 

cancer (44).  

 

Outcomes-based research is a vital reason to maintain clinical cancer registries, particularly 

because research allows a registry to make an impact on CRC treatment outside a registry’s 

geographical boundaries.  Research based on registry data has an important role despite 

having a lower evidence level than a randomised controlled trial (1). 

 

It plays an important role in health-care planning and monitoring. The cancer registry 

provides statistical information on the number of cases in the population. This may be used 

for the planning and establishment of cancer treatment and care facilities directed towards 

various types of cancer (52).  

 

PBCRs are an essential component of a fully developed cancer-control programme. In 

addition to providing information on current and future needs for services, they are used to 

monitor programmes of prevention, early detection and cure (treatment) (44).  

 

Cancer registry data have been widely used for the evaluation and monitoring of screening 

programmes (44)  
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1.2.4 Limitations 

 

There are several well-established limitations associated with cancer registries. Though 

registries contain clinically meaningful data, they are resource intensive, expensive and 

require enthusiastic clinicians to support data submission. Costs of maintaining 

administrative data have been estimated at £1 per record with clinical registry data costing 

up to £60 per record (53). 

 

Cancer registries provide reliable statistical material, but they usually collect information 

only from specific geographic areas, thus cover only part of the population of a country (54).  

 

In contrast to the inclusive mandatory administrative data sets, clinical registries are mostly 

voluntary and case ascertainment is rarely complete. They will not include all patients with a 

given condition nor will data entry be complete (55). HBCR being institution based, no 

attempt is made to register all cancer cases occurring in any defined population; thus, 

incidence rates cannot be determined.  

 

These data may be limited because of selection or reporting bias. Thus, registries may not 

reflect the full range of procedures performed even within a given specialty as clinicians 

may favour the entry of ‘interesting’ or complex cases over more straightforward cases (55). 

Additionally, registries gather information from different sources with a large variation in 

their reliability and validity (56).  

 

They lack details about the treatment provided that are vital to assessing quality (e.g., 

detailed information on the course of chemotherapy and radiotherapy). Further, there is no 

information in the registries on recurrence and subsequent treatment after initial cancer 

treatment, which are likewise vital data in ultimately assessing the quality of cancer care 

(57)  

 

Another limitation of cancer registry data is that generally they are made available only 

when the registry produces annual incidence rates which, because of rigorous quality 

control procedures, can take 18 months or more after cancer diagnosis. These data need to 
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be made available much earlier so that they can be used more effectively to report on 

current oncologic practices and are thus more actionable for patients and providers (57).  

 

These issues are limiting factors when conducting clinical research. Alternatively, 

Administrative data are increasingly being used to explore surgical outcomes in research 

and audit. Their strengths lie in their routine collection, large patient numbers and cost-

efficiency (3).  

 

 

 Administrative data 

 

1.2.1 Introduction 

 

Administrative data refer to information routinely collected on all patients admitted to a 

hospital primarily for administrative purposes. These data are routinely summarized into 

alphanumeric codes for the purposes of administration (3).  

 

These data are primarily being collected by health care providers, insurers, and 

governments for enrolment, reimbursement, and payment purposes (58).  

They are increasingly being used at local, national and international levels for audit, 

research, benchmarking and outcomes management purposes (55, 59). 

 

1.2.2 Benefits of administrative data 

 

Administrative data overcome many of the problems associated with traditional cancer 

registries.  

 

These data are collected in a regulated and mandatory fashion and readily capture large 

patient population information in a cost-efficient manner (60). Raftery estimated in 2005 

that to populate a cancer registry, it would cost £1 per record for an entry based on 

administrative data, compared with £60 per record for traditional manual data collection 

(53). Researchers also use administrative health care data to identify patients for inclusion 
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in study cohorts as these data provide a less costly approach to identifying subjects, than 

screening in person or by phone (61). 

 

They have a broad geographical coverage and a relatively complete capture of health care 

encounters. Performance measures and health outcomes can now be calculated and 

compared between regions and individual hospitals (3). Data is available readily allowing for 

research performance in a timely fashion, and unaffected by recall or selection biases (62, 

63). 

 

Administrative data are collected on an entire population of individuals or families 

participating in a given program. It is possible to study low-incidence phenomena that may 

be expensive to uncover in a survey of the general population. A large sample size increases 

the power of studies generated from the data. These data are also advantageous for 

uncovering information that a survey respondent is unlikely to provide in an interview. 

 

Mortality reporting was once the sole purpose of administrative data. It is still an important 

purpose as demonstrated in a recent publication from the Victorian Audit of Surgical 

Mortality (64).  

 

Other uses include hospital benchmarking as done by groups such as Dr Foster Global 

Comparators (65). The US National Inpatient Sample uses administrative data in the form of 

billing information to determine health policy. Australian healthcare funding has relied on 

coding since 2011.  

 

With the ease in computation and advancement in information technology, there has been 

an increased capability to collect and analyse data. This has further enhanced the utilization 

of electronic medical record systems by many hospitals, further enabling input into 

administrative databases (66).  

 

Data linkage can enhance the use of administrative data for clinical outcomes. Linkage with 

purpose-built clinical databases is a powerful method of combining the automaticity and 

efficiency of administrative datasets. This results in the provision of more data fields. The 
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Queensland Colorectal Cancer Audit, led by the Queensland Cancer Control Analysis Team, 

is an example of such data linkage.  

 

While these data are useful for surgical outcomes measurement, it is imperative that 

surgeons, with their clinical perspective, provide leadership in the clinical interpretation of 

such data.  

 

1.2.3 Limitations and caveats of administrative data 

 

Several limitations of administrative databases have been acknowledged in literature (67). 

The overriding concern and scepticism arises from the immutable fact that these 

repositories are collected for the primary purpose of hospital billing and reimbursement (3, 

68). They are hence often dismissed as inaccurate or irrelevant.  

 

There are concerns that administrative data collection is performed by clerical, rather than 

medical staff. It is argued that clerical staff do not have a good understanding of the 

diagnoses and procedures being coded, leading to coding inaccuracies (54, 69). Coding 

accuracy may also suffer due to the limited precision of codes to describe conditions or 

procedures in detail, and omission of comorbidity codes by billing or coding staff due to 

perceived irrelevance to a particular encounter. However, coding in Australia is standardised 

and coders well-trained. 

 

In general, reimbursed procedures are likely to be accurately coded, while the coding of 

comorbidities and complications (other than death) may be less reliable. For example, the 

concordance between Medicare claims data and the SEER registry data is generally higher 

for extensive (i.e., highly reimbursed) surgical procedures than for biopsies and nonsurgical 

therapy (70). 

 

Several studies have explored the accuracy of administrative data. Nouraei et al., undertook 

a 2-center audit of coding accuracy across surgery. Coding of 30,127 patients was reviewed 

and accuracy assessed at primary and secondary diagnosis and procedure levels, morbidity 

level, complications assignment, and financial variance. At least 1 coding change occurred in 
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51% of patients. There were 13% and 12% changes to primary diagnoses and procedures, 

respectively. The morbidity level changed in 7% (P < 0.001). The number of assigned 

complications rose from 8.6% to 9.9% (P < 0.001). It was concluded that administrative data 

is valuable for research but it is important to understand the nature and clinical significance 

of informatics variability and adopting strategies to reduce it to make accurate assumptions 

and informed decisions concerning its scope and clinical applicability (59). 

 

In a 2015 study conducted by Awad et al., accuracy of administrative data was assessed for 

coding of postoperative complications after oral cavity squamous cell carcinoma 

(SCC).  Administrative data identified 29% of patients with complications, 36% of overall 

complications, and 98% of major complications.  It was concluded that these data accurately 

recorded major complications, but were suboptimal compared to chart abstraction in 

capturing minor complications (71). 

 

Campbell et al., conducted a systematic review of discharge coding accuracy of routine UK 

hospital statistics that classify patients on discharge. The median coding accuracy rates were 

91 per cent for diagnostic codes and 69.5 per cent for operation or procedure codes in 

studies in England or Wales; 82 per cent for diagnostic codes and 98 per cent for operation 

or procedure codes in Scottish studies. It was concluded that coding accuracy on average is 

high in the United Kingdom (72).  

 

Li et al., studied the quality of different administrative data sources in identifying surgery for 

colorectal cancer with respect to completeness and accuracy (73). The cohort was identified 

from the Alberta cancer registry and compared with two different administrative data 

sources: Physician Billing and Hospital Inpatient data. The Physician Billing data alone or 

combined with Hospital Inpatient data demonstrated equally high sensitivity (97% for both) 

and observed agreement with the Cancer Registry data (93% for both) for identifying 

surgeries. It was concluded that physician billing data identified colorectal cancer surgery 

cases more completely than Hospital Inpatient data although both sources have a high level 

of completeness. 
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A systematic review of discharge coding accuracy of administrative data was conducted by 

Burns et al.  The overall median accuracy (routinely collected data sets versus case notes) 

was 83.2%. The median diagnostic accuracy was 80.3% with a median procedure accuracy of 

84.2%. There was considerable variation in accuracy rates between studies (50.5–97.8%). 

The accuracy had improved from 73.8% to 96.0% since the 2002 introduction of Payment by 

Results (55). 

 

Current levels of reported accuracy suggest that routinely collected data are sufficiently 

robust to support their use for research and managerial decision-making (55). Clinician 

involvement in coding has been proposed to improve accuracy (74). Yeoh and Davies (75) 

examined changes in accuracy after clinicians became responsible for coding. Accuracy 

increased from 54 to 85% over a 1-year period. Nouraei et al., (76) observed that use of a 

clinician coding multi-disciplinary team resulted in a change to 24.1% of records and an 

increase in departmental revenue of £443 371. 

 

Another limitation of administrative data is of insufficient availability of granular data. 

Outcomes these data can provide are limited to the available data fields, which may be less 

extensive than clinically collected data (3).  

 

Most administrative data sources also lack diagnostic, follow-up, cancer recurrence and 

subsequent treatment information. De-identification precludes the collection of additional 

variables, thus increasing the risk of unmeasured confounding. While some detail may be 

missing from administrative data, there remains a surprising amount of outcome-specific 

clinically useful data which can be used in comparative research studies.  

 

When dealing with large database studies it is important to differentiate statistical 

significance from clinical significance. Very small differences between groups can result in 

statistically significant differences. Results should not be interpreted based solely on p value 

because these differences may not be clinically relevant. Instead, results should be 

interpreted based on clinical relevance and on the absolute and relative differences 

between treatment groups (67). 
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Administrative data sets are subject to clustering. One example of clustering is a specific 

diagnosis (e.g., acute myocardial infarction) treated by emergency room physicians only 

within academic hospitals. A study should properly account for clustering that may be 

present in the data set. Multivariate regression models can be used to control for clustering 

and avoid the potential for misleading conclusions (67). 

 

As with all retrospective analyses, it is not possible to completely control for all patient and 

surgeon characteristics. It is possible that confounders not measured may result in a bias of 

the data (77). 

 

It is therefore important that a clear description should be provided regarding how and why 

the database was created (67, 78). To that end, the database's inclusion and exclusion 

criteria should be clearly stated. The reader then can use these descriptions to assess the 

potential for biased or missing information as it relates to the study at hand. 

 

 

1.2.4 Administrative Data coding 

 

 International Data Coding 

 

The International Statistical Classification of Diseases and Related Health Problems (ICD) is a 

health care classification system which sets out a series of diagnostic codes for classifying 

diseases. Maintained by the World Health Organization (WHO), it is the foundation for the 

identification of health trends and statistics globally, and the international standard for 

reporting diseases and health conditions (79). The purpose of the ICD is to permit 

systematic recording, analysis, interpretation and comparison of mortality and morbidity 

data collected in different countries or areas and at different times.  

 

The first international classification edition, known as the International List of Causes of 

Death, was adopted by the International Statistical Institute in 1893 (80). WHO was 

entrusted with the ICD at its creation in 1948 and published the 6th version, ICD-6. It 

undergoes periodic revisions, which involve major changes to the structuring of the 
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classification system. ICD-10 was endorsed in May 1990. The 11th version, ICD-11, is now 

being developed through a continuous revision process. ICD-11 will be finalized in 2018. The 

ICD classification translates diagnoses of diseases and other health problems from words 

into an alphanumeric code, which permits easy storage, retrieval and analysis of the data.  

 

Several countries have developed their own ICD-10 clinical modifications to address 

country-specific needs, including Australia (ICD-10-AM), Canada (ICD-10-CA), Germany (ICD-

10-GM), Korea (ICD-10-KM), Thailand (ICD-10-TM), and the United States (ICD-10-CM) (80).  

 

Due to these differences the challenge for outcomes research is to align the codes between 

countries. Munasinghe et al., in a retrospective study, aimed to map similar diagnoses and 

procedures across administrative coding systems used in different countries. A systematic 

translation of diagnostic and procedural codes for colorectal diagnoses, resections, 

operative complications and reoperative interventions was undertaken. Administrative data 

were collected in a central database as part of the Global Comparators (GC) Project. The 

study successfully enabled comparison of documented surgical outcomes between 

countries (81). 

 

 Australian Data Coding 

 

The ICD-10-AM is the International Statistical Classification of Diseases and Related Health 

Problems, Tenth Revision, Australian Modification (82).  

 

It was developed with assistance from clinicians and clinical coders to ensure that the 

classification is current and appropriate for Australian clinical practice. It is structured by 

body system and aetiology, and comprises three, four and five character categories. It is 

updated on a regular basis, with the regular updates of ICD-10 being included as part of the 

updating process. ICD-10-AM does not allocate codes for procedures.   

 

The Australian Classification of Health Interventions (ACHI) has been used to code 

procedures since 1998. ACHI was based on the Medicare Benefits Schedule (MBS) and was 

previously known as the Medicare Benefits Schedule-Extended (MBS-E). The National 
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Centre for Classification in Health (NCCH) developed it with assistance from specialist 

clinicians and clinical coders (82). 

 

ACHI codes have seven digits. The first five digits are the MBS item number where one 

exists. The two-digit extension represents specific interventions included in that item. The 

classification is structured by body system, site and intervention type. It consists of a tabular 

list of interventions and accompanying alphabetic index. 

 

The Australian Coding Standards have been developed with the objective of satisfying sound 

coding conventions for use with ICD-10-AM and ACHI. They apply to all public and private 

hospitals in Australia. The ongoing revision of the Australian Coding Standards ensures that 

they reflect changes in clinical practice, clinical classification amendments and various user 

requirements of inpatient data collections. 

 

Coders are trained to extract data from patient medical records using these standardised 

classification systems. Diagnoses and procedures are translated into alphanumeric 

diagnostic and procedure codes (83). It is important to note that administrative data only 

code for in-patient admissions and not out of hospital management.   

 

The codes from ICD-10-AM and ACHI form the foundation of the Australian Refined 

Diagnosis Related Group (AR-DRG) system (84). It is an Australian admitted patient 

classification system which provides a clinically meaningful way of relating the number and 

type of patients treated in a hospital (known as hospital case mix) to the resources required 

by the hospital (85). Each AR-DRG represents a class of patients with similar clinical 

conditions requiring similar hospital services. This forms the basis of Activity Based Funding 

(ABF) for Australian public hospital services (86). It refers to the process of paying hospitals 

a set amount for each inpatient episode according to its DRG. The financial incentive has 

resulted in greater proficiency and precision in Victorian coding. 
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 Colorectal cancer coding in Australia 

 

Colorectal cancer incorporates ICD–10 cancer codes C18 (colon), C19 (rectosigmoid 

junction) and C20 (rectum) (Figure 1-1). The ‘C’ indicates neoplasm, and the subsequent two 

digits its location. The subgroups in C18 determine the specific anatomical location of the 

tumour in the colon. 

 
Figure 1-1: ICD-AM code for colorectal cancer 

 
All rectal cancers are assigned the code C20. Depending on the location of the tumour in the 

rectum, i.e., upper, middle or lower third, treatment strategies vary. This can provide insight 

into quality of care provided based on geography and resources. The anatomical division of 

the rectum is standard clinical practice aimed at decision making.  

 

1.2.5 How to use administrative data for clinical outcomes research? 

 

Administrative data are increasingly being used to explore surgical outcomes in research 

and audit. Outcomes these data can provide are limited to the available data fields, which 

may be less extensive than clinically collected data (3). 

 

 



21 
 

 Define a specific cohort  

 

Clinical interpretation of administrative data requires clear cohort definition. Administrative 

coding classifications do not always match clinical classifications. These issues can lead to 

misinterpretation of administrative data. For any disease, study of how coding describes the 

condition is required to facilitate clinical interpretation of administrative data (3). Figure 1-2 

enumerates the steps to studying coding behaviour for cohort identification. 

 
Figure 1-2: Approach on the use of coding 

This involves generating a list of patient episodes by a selection of family of codes based on 

descriptors from the coding system. These codes and descriptors are derived from the ICD-

10-AM classification system. The frequency of code use over time is analysed for coding 

behaviour.  

 

Further exploration of unexpectedly useful codes may yield cases relevant to the defined 

cohort. Some diagnostic codes are used that possess a consistent clinical diagnosis, but have 

acquired code descriptors without clinical equivalent. In a retrospective study by Hong et al., 

studying the use of administrative data for surgical outcomes in acute diverticulitis, the code 

K5720 (diverticulosis with perforation and abscess) did not have clinical relevance. A 
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clinically appropriate label would be ‘diverticulitis with perforation or abscess’. However, on 

further exploration this code was indeed used to code for complicated diverticulitis (87). It is 

essential to study the coding of missed cases. 

 

 Algorithms to improve accuracy 

 

Combinations of codes in algorithms may lead to a more clinically relevant cohort than using 

single principal diagnostic codes to define a cohort of patients. Several studies have 

attempted to formulate coding algorithms which identify cohorts of incident CRC patients.  

The cohort identified through the coding algorithms was then compared with the gold 

standard cohort- clinical cancer registries (54).   

 

In most of these studies combinations of diagnostic and procedural codes were assessed 

against the gold standard cohort (88). 

 

Chubak et al, in a 2012 retrospective study used administrative data to identify a second 

breast cancer event patient cohort (recurrences and second breast primary tumours). 

Medical record review served as the gold standard. Algorithms were developed from 

administrative data, that included procedures, diagnoses, prescription fills, and cancer 

registry records. The most specific algorithm had a specificity of 99% and positive predictive 

value (PPV) of 90% while maintaining reasonable sensitivity of 89%. The most sensitive 

algorithm had 99% sensitivity and 81% specificity. The algorithms constructed were able to 

identify a second breast cancer event with high sensitivity, specificity, and PPV (88). 

 

In 2012, Quantin et al., assessed the accuracy of the colorectal-cancer incidence estimated 

from administrative data from a French administrative database using two alternative 

algorithms (54). The first was based only on diagnostic and procedure codes, whereas the 

second considered the past history of the patient. These were assessed against two 

corresponding local cancer registries, acting as “gold standards.” The first algorithm 

provided an estimated local incidence very close to that given by the regional registries (646 

versus 645 incident cases) and had good sensitivity and positive predictive values. The 

second algorithm overestimated the incidence by about 50% and had a poor positive 
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predictive value of about 60%. This study showed the usefulness of constructing algorithms 

to identify incident cases.  

 

Development of logic algorithms improve the accuracy and yield of administrative coding 

and facilitate the establishment of patient cohorts. They can serve as a tool to facilitate 

clinical care, research, quality improvement, and population surveillance (89). 

 

1.2.6 Clinical outcomes studies using administrative data 

 

Administrative data are increasingly being used to explore surgical outcomes in research 

and audit (3). Alongside cost savings, the scope of administrative data is often cited as its 

main advantage for research purposes.  

 

A number of studies have explored surgical outcomes following a colorectal resection(90). 

Most of these studies utilized data linkage, whereby colorectal cancer (CRC) patients were 

identified through a population-based cancer registry, and administrative data were then 

linked to the identified patients.  This identification method improves the accuracy of cohort 

identification.  A limitation noted in most of these studies was that administrative data was 

used under the assumption that it was sufficiently accurate, without validation studies (91). 

 

Beckmann et al., in 2017 studied the short-term outcomes (unplanned readmission, post- 

surgical complication rates, 30-day and 90-day post-surgical mortality) after surgical 

resection for colorectal cancer in south Australia (SA). It was a population-based study with 

data compiled through linkage of administrative and surveillance datasets across SA. Post-

operative complications occurred in 28% of cases. Thirty-day and ninety-day mortality were 

1.3% and 3%, respectively. Later stage, older age, multiple comorbidities and emergency 

admissions were associated with poorer short-term outcomes. Risk of 30-day mortality was 

higher among non-metropolitan patients (OR = 2.33, 95%CI 1.22-4.46). Post-operative 

complications increased the risk of emergency readmission and short-term mortality. A 

major limitation of the study, was that population-based treatment and outcome data 

utilized were not validated for accuracy (90). 
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De Vries et al., developed a prognostic model to predict 30-day mortality following 

colorectal cancer surgery using the Surveillance, Epidemiology, and End Results (SEER)-

Medicare linked data. A multilevel logistic regression analysis was performed to account for 

nesting of CRC patients within hospitals. Important predictors of 30-day mortality included 

age at diagnosis, cancer stage and mode of presentation. Race/ethnicity, census-tract-

poverty rate and hospital characteristics were independently associated with 30-day 

mortality, but they did not influence model performance. This model achieved moderate 

discrimination despite suboptimal calibration. A limitation of this study was the exclusion of 

performance status, an important factor for predicting survival (92). 

 

It is essential that surgeons have engagement in the collection of health institution statistics 

and be represented on committees analysing and interpreting big data so that this 

information is viewed in a proper clinical perspective. In doing so, surgeons can influence 

the direction of healthcare policies and ensure that the best and most efficient quality 

outcomes for patients can be achieved (60). There are excellent examples of surgeon and 

clinician involvement in big data management. The Royal Australasian College of Surgeons 

(RACS) Clinical Variation Working Party is undertaking a collaborative analysis of Medibank 

statistics to study variations in surgical outcomes for a variety of procedures so that we can 

have a better understanding of what drives variation in healthcare practices. 

 

1.3 Comorbidity Scores 

 

A comorbidity is the presence of one or more additional diseases or disorders co-occurring 

with a primary disease or disorder. By summarizing various medical conditions into single 

numeric indices, comorbidity scores can provide a standardized summary of the burden of 

comorbidity in an individual (93-95) . 

 

1.3.1 Purpose and use  

 

Preoperative risk assessment of comorbidities can help with decision-making and 

management strategies (96, 97). Patients with higher levels of comorbidity, especially the 
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elderly, might be expected to have significantly higher rates of complications, longer 

hospital stays, and higher mortality (98). Large Inpatient administrative databases are a 

common source used to identify comorbidities recorded with International Classification of 

Disease (ICD) diagnostic codes (99). These data sources may be used to assess the effect of 

baseline comorbidity status on surgical care outcomes targeted in pay-for-performance 

initiatives such as mortality, morbidity, and discharge disposition (100-104). 

 

Comorbidity scores are increasingly used to reduce potential confounding in 

epidemiological research. Single scores for summarizing comorbidity are of particular 

interest to investigators who use very large administrative databases. These convert 

datasets into an intelligible and manageable set of proxy variables, increasing analytic 

efficiency (94).  

 

1.3.2 Commonly used comorbidity scores 

 

The Charlson and Elixhauser comorbidity indices (CCI & ECI) are the 2 most 

commonly used risk adjustment models based on the ICD diagnosis codes found in 

administrative data (105, 106). The CCI encompasses 17 medical conditions (106) and 

the ECI consists of 31 comorbidities.  

 

The ASA PS classification is a widely used assessment of the patient's pre-operative 

physical status (107). It is a simplified and easily understood grading system for 

communication between colleagues in the clinical setting (108, 109). ASA PS score 

coding is unique to ICD-10-AM. 
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1.3.3 American Society of Anesthesiologists physical status (ASA PS) 

classification 

 

 History 

 

In May 1941, Meyer Saklad described the new ‘six degree’ ASA PS grading as just one 

of the components of the operative risk (110). In his opinion: ‘no attempt should be 

made to  prognosticate the effect of a surgical procedure upon a patient of a given 

physical state’(111).  

 

The current ASA PS classification was proposed by Dripps et al., in 1961 and adopted 

by the ASA in 1962 (112). It took on the more familiar form used to the present day 

with 5 classes. In 1980, ASA PS class 6 was added to take into account the brain-

stem-dead organ donor. 

 

 Classification 

 

The ASA classification for a particular patient is based on systemic disease (Figure 1-3). 

While it is only one component of the overall procedural risk assessment, it is easily 

assessed at the first surgical consultation with that patient. 

 

 
Figure 1-3: ASA PS classification 
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 ICD-10-AM coding 

 

Anaesthetics are coded in ICD-10-AM. ACS 0031 Anaesthesia provides instruction on the 

coding of anaesthesia. General Anaesthetic (92514.xx) is coded as appropriate. 

 

These anaesthetic codes require a two-character extension, which represents the patient’s 

ASA score. The first character of the two-character extension of the procedure code is the 

ASA score representing the patient’s status at the time of the procedure. The second 

character of the extension represents whether a modifier of ‘E’ is recorded on the 

anaesthetic form in addition to the ASA score. ‘E’ signifies a procedure that is being 

performed as an emergency and may be associated with a suboptimal opportunity for risk 

modification. The modifier ‘E’ is represented by the digit ‘0’.  

 

ACS 0031 Anaesthesia states that this information must be documented on the anaesthetic 

form before assigning these codes. Where there is no documentation of ASA score or the 

emergency modifier is not indicated, filler digits of ‘9’ will be assigned. This classification is 

in Figure 1-4. 

 

 Surgical outcomes study 

 

Associations between ASA scores and specific surgical complications and outcomes have 

been reported in the literature. The specific correlation of ASA scores with operating times, 

hospital length of stay, postoperative infection rates, overall morbidity and mortality rates 

following gastrointestinal, cardiac and genitourinary surgery has been extensively 

studied.(111, 113-116) 

 

In a prospective study conducted by Hendry et al., 1035 patients having undergone a 

colorectal resection between March 2002 & December 2005 (excluding a Low rectal 

cancer/TME and in the context of ERAS), showed that ASA III-IV was an independent 

predictor of delayed mobilization, was related to prolonged hospital stay and morbidity 

(117). 
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Figure 1-4: ICD-10-AM ASA PS classification codes 

 
In a population based study by the CholeS study group of outcomes following 

cholecystectomy for benign gallbladder diseases in 8909 patients from 167 hospitals, 

showed that readmissions and complications were independently associated with increasing 

ASA fitness grade, within the first 30 days (118). 

 

Stornes et al., in an observational single-centre study of 330 consecutive patients >75yrs 

operated for rectal cancer, ASA grade 3 in multivariate analysis was an independent risk 

factor for postoperative morbidity. ASA 3, 4 & an acute presentation increased the risk of 

100-day mortality (119). 

 

In a retrospective study by Woodfield et al., of 382 patients who received optimal 

antibiotics during surgery, it was noted that on logistic regression the ASA classification was 

the strongest predictor of wound infection, up to 30 days post operatively (120). 

 

In a retrospective study by Zacharias et al., conducted in 233 patients with elective liver 

resection for malignancy, it was concluded that a NRS 2002 (nutritional risk screening) score 

4 and ASA score 3 were predictors of 90-day mortality (mortality was 27.6% for patients 

with both risk factors vs. 2.3% for patients without or with only one risk factor) (121). 
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Hopkins et al., in a prospectively collected dataset of 732,704 consecutive patients, across 

19 facilities in the US, found that the association between increasing ASA PS designation and 

mortality within 48h of surgery is significant for patients undergoing both elective and 

emergent procedures. Emergency surgery was associated with a higher risk of patient death 

(122). 

 

 Limitations 

 

Considerable variation in the ASA classification allocation has been reported in previous 

studies as it does not take into account the patients age, sex, weight, pregnancy status, 

nature of the planned surgery, skill of the anaesthetist or surgeon, degree of pre-surgical 

preparation or the facilities for postoperative care (15,16). The definitions are based on 

severity of disease and may result in inconsistent application.(111) 

 

The ASA PS classification has been previously tested for consistency of use by anaesthetists. 

Studies have shown that there was insufficient consistency among anaesthetists in ASA 

rating to place complete reliance upon it if used as the sole indicator of the patient’s 

condition(123, 124). These studies were based on hypothetical cases and chart reviews. In a 

study by Sankar et al., (125) to evaluate inter-rater reliability and validity in clinical practice, 

the conclusion reached was that the ASA-PS scale has moderate inter-rater reliability in 

clinical practice and demonstrates validity as a marker of patient’s preoperative health 

status. 

 

The preoperative ASA score was not found to have a predictive quality towards morbidity 

and mortality after major abdominal surgery (126). Dr Owens clarified why the ASA 

classification system does not predict risk, saying, ‘The kind of operative procedure is not a 

part of the physical status classification system, and the patient is still in that status if 

scheduled for an excision of a skin lesion with monitored anaesthesia care or if scheduled 

for a pancreatectomy with general anaesthesia. The operative risk is different because of 

the surgery, but the physical condition of the patient is the same preoperatively’ (127). 
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1.3.4 Charlson Comorbidity index (CCI) 

 

The Charlson Comorbidity Index was developed and validated as a measure of 1-year 

mortality risk and burden of disease (106).  

 

 History 

 

The Charlson Index was developed in 1987 based on a 1-year mortality data from internal 

medicine patients admitted to a single New York Hospital and was initially validated within a 

cohort of breast cancer patients. To apply the index in administrative hospital discharge 

data, Deyo et al. (128), Romano et al. (129), and D'Hoore et al. (130) independently 

developed coding algorithms using the ICD-9 coding system. Quan et al.,(131) 

developed ICD-10 coding algorithms to define the Charlson index, and Sundararajan et al., 

(132)  assessed the index's performance in ICD-10 international hospital discharge abstract 

databases. 

 

 Purpose and benefits 

 

The CCI is reliable and valid for diverse clinical cohorts (e.g., cancer, amputation and 

arthritis) in a variety of healthcare settings (133). 

 

In clinical practice, the CCI reduces comorbidities into a single numeric score that may assist 

health professionals with stratifying patients into subgroups based on disease severity, 

developing targeted models of care, resource allocation and research purposes.  

 

In research, it helps to address the confounding influence of comorbidities, predict 

outcomes, standardise comorbidities abstracted from medical records or administrative 

databases and for self-report of comorbidities. Without widespread integration of 

comorbidity data into clinical research, an increasing number of elderly patients, and their 

physicians, will be left with treatment recommendations and outcomes data that lack 

relevance for their age and level of comorbidity (133). 
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It has been validated for its ability to predict mortality in various disease subgroups, 

including cancer, renal disease, stroke, intensive care, and liver disease (134-136). 

 

Reviews of the CCI suggests it has good reliability, excellent correlation with progression-

free survival outcomes, and is easily modifiable, particularly to account for the effect of age 

(133). 

 

The CCI consistently demonstrates statistical validity, particularly in terms of prognostic 

validity, and remains the most structurally simple, easy to use and well-defined of the 

comorbidity indices (133). 

 

 Classification and interpretation 

 

The index encompasses 17 comorbidities, with two subcategories for diabetes and liver 

disease, weighted 1–6 with total scores ranging from 0–37 (Figure 1-5). In the development 

phase of the index, mortality for each disease was converted to a relative risk of death 

within 12 months (106, 133). A score of zero indicates that no comorbidities were found. 

The higher the score, the more likely the predicted outcome will result in mortality or higher 

resource use.  

 

To account for age being an independent predictor of mortality, a Combined Age-CCI (CA-

CCI) score can be generated. The CA-CCI is generated by adding 1 point to the CCI score for 

each decade of age over 40 years (106, 137).  

 

 Outcomes studies 

 

The CCI is the most commonly used index to study the influence of comorbidities in surgical 

outcomes research. It has demonstrated excellent predictive validity for a variety of clinical 

outcomes as well as numerous malignancies. 

  

Van Eeghen et al., conducted a chart review of 621 consecutive patients with colorectal 

cancer, to evaluate the influence of age and comorbidity on survival and cause of death. CCI 
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was used to estimate comorbidity. Age and comorbidity were significant predictors for 

overall survival (P<0.001), in colon cancer. In rectal cancer patients, median survival was 

4.67 years, 51 (35.7%) of patients died from tumour progression. Neither age nor 

comorbidity were significant predictors of survival (138).  

 

Fowler, et al, also examined the validity of the Charlson index in a cohort of men with 

prostate cancer treated with EBRT or RP. After adjusting for age, a direct relationship 

between actuarial survival and CCI score (p = 0.00001) was found for all patients. Among 

individuals with CCI scores of 0, 5 and 10-year survival rates were 86% and 66% compared 

with 40% and 9% for patients with CCI scores of 3 to 5. Relative mortality risk, based on CCI 

scores of 0, 1, 2, and 3–5, increased from 1 to 1.7, 2.6, and 5.7, respectively (139). 

 

Wu et al., studied the effect of Age-Adjusted Comorbidity Index Score in colorectal cancer 

patients who underwent surgical resection and chemoradiation. 5643 patients were 

identified using the National Health Insurance Research Database of Taiwan. Colonic cancer 

patients with age-adjusted Charlson (AAC) ≥6 had a 106% greater risk of death within 5 

years (adjusted HR = 2.06; 95% CI, 1.66–2.56). In rectal cancer patients, patients with an AAC 

score of 4–5 had a 28% greater risk of death within 5 years (adjusted HR = 1.28; 95% CI, 

1.02–1.61), and those with AAC ≥6 had a 47% greater risk (adjusted HR = 1.47; 95% CI, 1.15–

1.90). It was concluded that age and burden of comorbidities influence survival of patients 

with colonic or rectal cancer. Age-Adjusted Comorbidity Score remains an independent 

prognostic factor even after adjusting for the aggressiveness of treatment (140). 

 

 Limitations 

 

The CCI's basic limitations include preservation of data only for the 17 conditions listed in 

the index, the exclusion of non-malignant hematologic disease, such as anemia, and 

reduced predictive ability for outcomes < 6 months (133). It thus has a tendency to 

underscore comorbidity because it is limited to 17 conditions.  
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Figure 1-5: CCI and Percentage 1-yr mortality according to illness severity, reason for admission and the scores from the 

weighted index of comorbidity. 

 

The weights assigned for particular comorbidities are standardized in the CCI. Romano et al., 

pointed out that these should be estimated separately for different populations and 

different outcomes because their predictive values differ by patient groups (129).  
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Clinical severity of disease, which is part of the CCI is not coded in administrative data. 

General oncology literature supports the use of CCI as a prognostic variable in clinical 

research. It should be emphasized that the CCI is not meant to replace clinical experience 

and its use in clinical decision-making should be considered investigational (133). 

 

1.3.5 Elixhauser Comorbidity index (ECI) 

 

The Elixhauser Comorbidity Index, is a more recent index encompassing 30 conditions 

measuring patient comorbidity based on ICD-9-CM and ICD-10 diagnosis codes found in 

administrative data. This instrument is meant to be used with large administrative data sets 

to predict hospital resource use and in-hospital mortality (141). 

 

 History 

 

The original Index was developed and validated by predicting in-hospital mortality, length of 

stay, and hospital charges using administrative data encompassing all adult acute-care 

inpatient hospitalizations that occurred in 1992 in California, by Elixhauser et al., in 1998 

(105). The list of specific ICD diagnosis codes that were used to identify different categories 

of comorbidity have been modified and updated to work with ICD-10 coding by Quan et al., 

in 2005 (131). Von Walraven et al., in 2009 developed a weighting algorithm based on the 

association between comorbidity and death, to produce an overall score for the Elixhauser 

Index (142). 

 

 Advantages 

 

A systematic review and comparative analysis shows that among various comorbidity 

indices, Elixhauser index is a better predictor of the risk especially beyond 30 days of 

hospitalisation (143).It has a better performance than the Charlson/ Deyo method in 

predicting in-hospital mortality (128). 

 

It includes a very broad, inclusive list of comorbidities, many of which have not been 

explored previously. Weight loss and obesity are included in the Elixhauser but not the 
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Charlson measure. Involuntary weight loss is an independent prognostic factor for poor 

treatment response and reduced survival in cancer patients (144). Several other prevalent 

comorbidities such as hypertension and psychiatric disorders that are included in the 

Elixhauser model are not included in the Charlson model (105). 

 

The ECI includes not only chronic but also potentially acute illnesses, whereas the CCI 

concentrates only on chronic comorbid conditions, at the expense of acute illnesses (106). 

 

 Classifications 

 

The comorbidities were initially not simplified as an index because each comorbidity affects 

outcomes (length of hospital stay, hospital changes, and mortality) differently among 

patient  groups.  

 

Walraven et al., developed and validated an index that summarizes all 30 Elixhauser 

comorbidity groups as a single number to be used with administrative databases for 

predicting in-hospital mortality(142).  

 

Figure 1-7 presents the estimated risk of in-hospital death for each Elixhauser comorbidity 

score. This ranged from a risk of 0.37% for the minimum Elixhauser score of 19 to a risk of 

99.41% for the maximum Elixhauser score of 89.  

 

 Surgical outcomes studies 

 

The ECI has been identified as a better predictor of mortality in patients hospitalized for 

cardiac, oncologic, hepatobiliary and gastrointestinal diseases (99, 145-147). It has also been 

found to be statistically slightly superior to the Charlson system at adjusting for 

comorbidities (145, 148, 149).  
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Figure 1-6: ECI list of comorbidities and points assigned (105) 
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Figure 1-7: Expected risk of hospital death by total Elixhauser comorbidity score (142). 

 

 

A comparison of charlson and elixhauser comorbidity measures to predict colorectal cancer 

survival using administrative data was conducted by Lieffers et al. A base model (age, sex, 

stage) had excellent discrimination. The addition of Charlson comorbidities did not 

outperform the base model. Elixhauser comorbidities added higher discrimination 

compared with the base model, both in stage and overall. Overall, the Elixhauser 

comorbidities outperformed the Charlson comorbidities (P < .05) (99) and was concluded as 

a superior comorbidity risk-adjustment model for colorectal cancer survival prediction. 

 

He Shin et al., (150) compared the CCI and ECI to identify which was a better predictor of 

early postoperative outcomes following a laparoscopic Roux-en-Y gastric bypass (LRYGB). 

The Nationwide Inpatient Sample was used to identify the cohort. Both the original and 

enhanced Elixhauser indices modestly outperformed the Charlson/Deyo in predicting the 

surgical outcomes. It was concluded that the original Elixhauser index is the best predictor 

of early postoperative outcomes in the cohort of patients undergoing LRYGB. However, 

differences between the Charlson/Deyo and Elixhauser indices were modest. Each of these 
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indices provides clinically relevant insight for predicting early postoperative outcomes in this 

high-risk patient population.  

 

This may be attributed to the lack of comprehensiveness of the Charlson comorbidities and 

that the Charlson measure was designed to predict a 1 year survival (99). Survival studies 

with colorectal cancer patients are generally focused on a 2-5-year survival.  

 

Menendez et al., studied the difference in the accuracy of the Charlson and Elixhauser 

comorbidity-based measures in predicting in-hospital mortality after major orthopaedic 

surgery, in-hospital adverse events, and non-routine discharge. Data was extracted from the 

National Hospital Discharge Survey. It was concluded that the Elixhauser comorbidity 

adjustment provided a better prediction of in-hospital case mortality compared with the 

Charlson model. The Elixhauser measure performed 60% better than the Charlson score in 

predicting mortality (104). 

 

 Limitations 

 

The composite scores developed here by van Walraven can be readily applied to 

administrative datasets by summing the assigned weights for each comorbidity present in 

the record. One of the main limitations of the original index was the risk of overfitting 30 

indicators in small datasets and limiting computational requirements in large datasets (151). 

 

The index is computed from administrative data, the limitations of which have been 

enumerated. 
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1.3.6  Data sources 

 

 BioGrid Australia 

 

BioGrid Australia was established as a technology platform to enable linkage and analysis of 

de-identified data from disparate databases without compromising data security or patient 

confidentiality, in an ethically approved manner (152). The clinical data is collected from a 

wide network of health institutions and relates to a wide range of diseases.  

 

The BioGrid database collects data on CRC patients, along with data from many other types 

of cancer.  Seven hospitals contribute information to the CRC portion of the database, 

including Royal Melbourne Hospital (RMH) and Austin Hospital.  

 

BioGrid purports to identify every CRC patient who is admitted to the Royal Melbourne 

Hospital (RMH). The primary system of identification is through CRC surgical and oncological 

clinics.  These patients may be post-operative or new referrals.  Data is collected and 

entered by data managers who are employed by BioGrid.  The data fields include 

demographics, surgery details, pathology, staging, chemotherapy, radiotherapy, recurrence 

and follow-up information.   

 

 RMH administrative database 

  

RMH administrative data were accessed via the Royal Melbourne Hospital Data Warehouse, 

which was maintained on a secure in-hospital server in Parkville, Victoria, Australia.  

Administrative data from all inpatient episodes for RMH is recorded each year.  It is also 

submitted to the Victorian Admitted Episodes Dataset (VAED).  

 

 RMH clinical database 

 

The medical chart for each relevant patient was retrieved from the Hospital Information 

System at RMH. Data was extracted from these charts, with blinding to the individual 

patient’s administrative data during this extraction process. Clinical information regarding 
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lymph node and metastasis status was reliably obtained from the RMH online pathology 

service (Client Information Service). Staging scans from the Client Information Service and 

RMH radiology application Synapse, provided further information regarding staging. 

 

 

 Victorian Admitted Episodes Dataset (VAED) 

   

The Department of health and Human Services (DHHS) maintains data on all admitted 

patient episodes of care provided in Victoria in the Victorian Admitted Episodes Dataset 

(VAED). It provides a comprehensive dataset of the causes, effects and nature of illness, and 

the use of health services in Victoria. The VAED supports health service planning, policy 

formulation, epidemiological research and public hospital funding under the case mix 

system. 

 

All Victorian public and private hospitals, including rehabilitation centres, extended care 

facilities and day procedure centres, report a minimum set of data for each admitted 

patient episode. In order to maintain and protect patient privacy, only the minimum data 

required for effective monitoring, funding and analysis purposes is collected. Information 

such as patient name and street address is not held in the VAED.  

 

Each patient in the VAED is identified by a hospital-controlled code (unit record number). 

With this, the admission, treatment and separation history of a particular patient held on 

the VAED may be tracked over time within the same hospital, but not between hospitals. 

Patient activity must be reported under the campus code at which it occurred. The dataset 

including colorectal cancer resection patients for the patterns of work in Victoria and 

outcomes study was obtained from the DHHS. 

 

 

 Dr Foster global comparators 

  

Dr Foster Global Comparators was an international hospital benchmarking collaborative 

which was established in England in 2011. It collected administrative data from major 
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hospitals around the world.  Its aim was to measure international variation in healthcare, 

and to use that information to improve quality of healthcare and economise resource 

utilisation around the world.  

 

Dr Foster Global Comparators ran collaborative programs for clinicians around the world 

which were entitled Global Outcomes Accelerated Learning. Several hospitals in Melbourne, 

including Royal Melbourne Hospital and Austin Hospital, were members of Dr Foster Global 

Comparators. The Dr Foster Global Comparators programme closed down on 31st December 

2017.   

 

 

1.3.7 Hypotheses 

  

Study 1: Research into CRC requires maintenance of cancer databases with complex 

datasets. Hospital administrative data, which are routinely collected, are an alternative 

source of tumour, treatment and outcome data. However, the accuracy of administrative 

data has not been fully explored and may vary by data item. The first hypothesis of this 

study is that administrative data can be used to auto populate a Victorian CRC database, 

and thereby be used to measure and compare clinical outcomes in CRC among health 

services.   

 

Study 2: There has been much debate that major surgery, in particular for cancer patients, 

should be concentrated in tertiary centres, based on the premise that high volume centres 

achieve better outcomes. In this study, utilising the VAED dataset we investigated two 

hypotheses: that the majority of complex colorectal cancer resections are performed in 

CSSANZ hospitals and that the short-term outcomes are better in these hospitals.  

 

Study 3: Large Inpatient administrative databases are a common source used to identify 

comorbidities recorded with International Classification of Disease (ICD) diagnostic codes. 

These data sources may be used to assess the effect of baseline comorbidity status on 
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surgical care outcomes. In this study, we hypothesized that the ASA PS classification can 

predict short-term outcomes after a colorectal cancer resection.  

 

The aims are: 

 

1. To measure the accuracy of Australian administrative data in the context of CRC      

patients. 

2. To derive algorithms of codes that can improve the accuracy of measuring 

diagnoses, procedures, and outcomes in CRC from Australian administrative data. 

3. To utilise these algorithms to identify a colorectal cancer resection cohort in the 

state of Victoria from administrative data. 

4. To study the patterns of workload and short-term outcomes after a CRC resection in 

Victoria. 

5. To compare the ASA PS classification with the Elixhauser comorbidity index to 

predict Colorectal cancer resection short-term outcomes. 
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2.  Methods 

 

2.1 Study 1: Accuracy of administrative coding data in colorectal cancer 

resections and short term outcomes. 

 

A retrospective analysis of all colorectal cancer (CRC) resections from 1st of January 2008 to 

31st of December 2013 was conducted at the Royal Melbourne Hospital (RMH), Victoria, 

Australia.  

 

This project, including access to medical charts, was approved by the Human Research 

Ethics Committee, Melbourne Health. It was determined to be a Quality 

Assurance/Negligible Risk Research project and assigned study number QA2016014.  

 

2.1.1 Identification of cohort 

 

 Searching in a clinical database- BioGrid 

 

Clinical data from patients with colorectal cancer at collaborating hospitals are submitted to 

BioGrid Australia progressively.  These data from each hospital are stored on a server in 

each collaborating hospital’s computer network.  We accessed the RMH data. The data was 

supplied and stored as a password protected Excel (Microsoft Excel for Mac 2017, version 

15.32 (170309)) spreadsheet. These files were stored on a MacBook Pro 2016 utilizing the 

macOS Sierra version 10.12.6 (© 1983-2017 Apple Inc.). 

 

Initially a cohort of all patients admitted to the RMH with CRC was obtained from the RMH 

component of the BioGrid Australia database (Figure 2-1). Cases were identified using the 

‘diagnosis’ data field in the BioGrid database. This included cancer of the appendix, caecum, 

ascending colon, hepatic flexure, transverse colon, splenic flexure, descending colon, 

sigmoid colon, and rectum.   
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Duplicated and prevalent cases were identified and excluded. Duplicated cases included 

where a patient was diagnosed with synchronous colorectal cancers.  These were counted 

as one cancer diagnosis. The RMH BioGrid database was used as a gold standard for finding 

cases. 

 

 Searching in an administrative database- RMH  

 

A similarly defined list of patient episodes was generated from the RMH administrative 

database. RMH administrative data were accessed via the Royal Melbourne Hospital Data 

Warehouse, which was maintained on a secure in-hospital server in Parkville, Victoria, 

Australia.  The data was recorded in an Excel spreadsheet. A list of patient episodes was 

generated using the C18, C19 and C20 CRC stem codes as principal diagnosis (Table 2-1), 

with both emergency and elective admissions included.  Only incident cases were included 

in the analysis.  Further exclusions included readmissions, which were counted as duplicates 

and not included in the analysis.  Prevalent cases were excluded from the analysis by 

excluding patients who had been admitted to RMH with CRC in the five years before the 

study period. 

 

 Case matching 

 

These two lists of patients were individually matched to identify duplicate patients. The lists 

were then combined and duplicates were excluded. This resulted in a combined list of 

incident colorectal cancer patients identified from both BioGrid and administrative data 

(Figure 2-1). 

 

The medical chart for each patient on this list was retrieved from the Hospital Information 

System at RMH. The administrative data from each patient on the list was obtained from 

both the individual patient coding sheets contained in the patient’s medical chart, and also 

from the RMH administrative data sets.  
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Figure 2-1: Cohort search 

Table 2-1: ICD-10 AM codes for location of colorectal cancer 
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 Validation of completeness of administrative database cohort 

 

There were cases that appeared as incident cases in administrative data but not in BioGrid, 

and cases that appeared as incident cases in BioGrid but not in administrative data.  These 

medical charts were studied to determine the reason for the non-match.  

 

 Further defining the cohort with algorithms 

 

The initial study using the preliminary cohort algorithm resulted in a wide discrepancy 

between the cohort identified using BioGrid data and the cohort identified from 

administrative data.  The medical chart review of the non-matching cases showed that there 

were cases identified in the administrative database not identified in the BioGrid database 

and unique cases in the BioGrid database not identified in the administrative database. The 

primary outcome was that BioGrid was not a gold standard for the complete cohort.  

 

In order to obtain a better match between the two databases it was necessary to redefine 

and restrict the cohort to colorectal cancer resection cases. Four different algorithms (Table 

2-2) were constructed using combinations of principal diagnosis, resection and type of 

admission (elective and emergency). Resection codes were identified from the ACHI list of 

procedures (Table 2-3). 

 

Table 2-2: Algorithms for identifying accurate cohort 
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For all algorithms, possible prevalent cases were excluded by searching in the five previous 

years. Reasons for non matched cases were elicited from the medical charts of each patient. 

The best matched algorithm (Figure 2-1) which was algorithm 4, was subsequently applied 

to the RMH BioGrid database and the RMH administrative database.  

 

 

Table 2-3: ACHI codes for colorectal operations 
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2.1.2 Accuracy of coding for colorectal cancer  

 

The cases from the Algorithm 4 cohort were identified.  The abstracted data from the 

medical charts of these cases were merged with the matching abstracted data from the 

administrative data.   

 

The following data fields were used for the analysis of accuracy: anatomical site, operation, 

histology, lymph node status, metastasis status and four post-operative complications 

comprising return to theatre, post-operative wound infection, post-operative haemorrhage 

requiring transfusion, and in-hospital death. Codes used for identifying the above 

parameters are enumerated in Table 2-4. 

 

Agreement between medical chart data and the administrative data was initially 

determined by looking at percentages obtained from individual matching between cases.  

 

 Statistical test for accuracy 

 

Accuracy denoted the closeness of the measured value to the actual value. It was calculated 

as: accuracy= (true positives + true negative)/ (True positives + true negatives + false 

positives + False negatives). It was recorded as a percentage. The calculations were 

performed on a standard calculator and recorded in the excel spreadsheet. 

 

 Accuracy of staging  

 

ICD-10-AM only codes the site of lymph node involvement but does not contain information 

regarding the number of lymph nodes involved with tumour.  

 

Coding for metastasis status includes the site of metastasis. To simplify data comparison, 

metastasis status was recorded as the absence or presence of non-lymph node metastasis.  

 

Clinical information regarding lymph node and metastasis status was reliably obtained from 

the RMH online pathology service (Client Information Service). Staging scans from the Client 
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Information Service and RMH radiology application Synapse, provided further information 

regarding distant. 

 

 Accuracy of post-operative complications 

 

‘Return to theatre’ was used for an unplanned operation following the initial colorectal 

surgery, during the same admission. The algorithm used to extract this information is noted 

in Table 2-4.  

 

Table 2-4: ICD-10 AM codes 

 

 

‘In-hospital mortality’ referred to a patient dying in hospital following the initial colorectal 

surgery, during the same admission. This was recorded in the ‘destination’ data field, which 

recorded the destination of the patient following their hospital admission. The inclusion 
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criteria for ‘post-operative anaemia requiring transfusion’, involved a combination of one 

procedure and one diagnosis code: administration of packed cells, on a date after the main 

procedure; and Diagnosis indicating post-operative haemorrhage and anaemia as noted in 

Table 2-4. Episodes of post-operative wound infection were coded as per ICD-10-AM. 

 

‘Return to theatre’ was used for an unplanned operation following the initial colorectal 

surgery, during the same admission. The algorithm used to extract this information is noted 

in Table 2-4.  

 

2.1.3 Algorithms to improve accuracy 

 

The construction of algorithms involved identifying codes relevant to each group. This was 

achieved by reviewing the relevant tumour location and type of operation for each case. 

The cases and codes were recorded in an excel spreadsheet (Microsoft Excel for Mac 2017, 

version 15.32 (170309)).  

 

 Combining codes within same group 

 

Combinations of codes were used to improve the accuracy of anatomical tumour location. 

These algorithms were influenced by two considerations, the types of coding errors made 

and whether the coding combinations anatomically and clinically were logical. Anatomic 

locations were grouped into right colon, left colon and rectum. Right colon extended to and 

included the splenic flexure. Left colon comprised of the descending colon and sigmoid 

colon. Rectum included rectosigmoid and rectum (Figure 2-2). This division was easily 

understandable and follows oncological principles of surgery.  
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Figure 2-2: Anatomical divisions of colon and rectum 

 

 Combining codes between two groups 

 

Algorithms were constructed to combine type of operation and tumour location in three 

divisions: right colon, left colon and rectum. Tumour location was the primary determinant 

of grouping. Thus, extended right hemicolectomy for a transverse colon tumour was 

grouped in the right colon group; high anterior resection for a sigmoid cancer was grouped 

in the left colon group. A small number of cases were excluded where coding combinations 

were illogical (e.g., abdominoperineal resection coded for a caecal cancer) 
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2.2 Study 2: Study of colorectal cancer resections in Victoria using    

administrative data: Patterns of work and short-term outcomes  

 

A retrospective study of all colorectal cancer resections in Victorian public hospitals, from 1st 

of July 2008 to 30th of June 2013 was conducted. Data were obtained from the Victorian 

Admitted Episodes Dataset (VAED), managed by the Department of Health & Human 

Services, State Government of Victoria, Australia. 

 

2.2.1 Study Population and data source 

 

Cohort definition: Patients that had a colorectal cancer resection procedure in one of the 

forty-five Victorian public hospitals. 

 

Time period: 1st July 2008 – 30th June 2013  

 

The dataset was obtained from VAED based on a primary diagnosis of colorectal cancer and 

procedure codes of colorectal resections, as per ICD-10-AM (Table 2-1) and ACHI codes 

(Table 2-5), during the admission period. The dataset was transmitted by VAED as three 

password protected data files to a secure data exchange (SDE). Authorization was provided 

to download these files from the SDE. These files were downloaded and saved as password 

protected data files to a MacBook Pro 2016 utilizing the macOS Sierra version 10.12.6 (© 

1983-2017 Apple Inc.). IBM SPSS Statistics for Macintosh, Version 25.0 (Released 2017, IBM 

Corp, Armork, NY) was used to open these files for analysis.  

 

 Data extracted 

 

Data fields extracted for each patient in the dataset included a unique patient identifier, 

age, sex, month and year of admission & discharge, length of stay, type of admission, 

campus admitted, Australian Bureau of Statistics (ABS) geographical grouping of hospitals as 

per Accessibility/Remoteness Index of Australia (ARIA+), discharge destination, ASA PS 

score, colorectal cancer diagnosis, type of resection, lymph node status, distant metastasis 
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status, mortality, reoperation and readmission (Table 2-6). Each case was provided with a 

unique patient identifier to identify the same case across datasets. Campus names were 

coded and encrypted consistently across years and datasets. The ACHI code for the index 

colorectal resection was located in either column 1 or column 2 of the operation diagnosis 

columns, “toper1” and “toper2” respectively. An additional flag identified if a campus was a 

Colorectal Surgical Society of Australia and New Zealand (CSSANZ) accredited centre. 

Colorectal units across Australia and New Zealand are accredited by CSSANZ based on 

specific guidelines: the number of specialist colorectal surgeons in the unit, adequate 

operative workload, specific unit and hospital based criteria (153). It reflects the quality and 

processes in place. 

 

ARIA+, is an unambiguously geographical approach to defining remoteness and is a 

nationally recognised consistent measure. It is a continuous varying index with values 

ranging from 0 (high accessibility) to 15 (high remoteness), and is based on road distance 

measurements from over 12,000 populated localities to the nearest Service Centres in five 

size categories based on population size. The resulting index is a 1km grid covering all of 

Australia for which accessibility/remoteness values can be extracted for any geographic 

location of interest. The five categories are major cities (RA1), inner regional (RA2), Outer 

regional (RA3), remote (RA4) and very remote (RA5) Australia (Figure 2-3). VAED classifies 

campus location based on this index. All Victorian public hospital are located in RA1-RA3 

regions. 

 

 Exclusions from cohort 

 

Private hospital colorectal cancer resection cases: the colorectal cancer accuracy study 

based on administrative data (Study 1) was conducted on administrative data in a public 

hospital. Private hospital administrative data for accuracy was not explored and hence this 

cohort of patients was excluded. 
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Table 2-5: ACHI codes for colorectal resections 

 

 

Admission type- maternity (M) newborn (N) and statistical (S): Admission data collected by 

VAED is divided into five categories, namely emergency (E), elective (L), maternity (M), 

newborn (N) and statistical (S). The study cohort was restricted to emergency and elective 

admission cases only (Figure 2-4). 

 

Duplicate cases: These were cases with identical patient identifiers that had the same 

colorectal resection on the same day in two separate campuses. 

 

 

Table 3 Accuracy of administrative data for type of operation before algorithms 
 

Operation ACHI codes 

Right hemicolectomy with formation of stoma 3200001 
Right hemicolectomy with anastomosis 3200301 

Extended right hemicolectomy with anastomosis 3200501 

Extended right hemicolectomy with formation of stoma 3200401 

Subtotal colectomy with anastomosis 3200500 

Subtotal colectomy with formation of stoma 3200400 

Left hemicolectomy with anastomosis 3200600 

Left hemicolectomy with formation of stoma 3200601 

rectosigmoidectomy with formation of stoma 3203000 

High anterior resection of rectum (HAR) 3202400 

Total colectomy with ileorectal anastomosis 3201200 

Total colectomy with ileostomy 3200900 

Total proctocolectomy ileoanal anastomosis 3205100 

Total proctocolectomy ileoanal anastomosis and stoma 3205101 

Total proctocolectomy with ileostomy 3201500 

Low anterior resection of rectum 3202500 

Ultra low anterior resection of rectum 3202600 

Abdominoperineal proctectomy 3203900 

Limited excision of large intestine with anastomosis 3200300 

Ultra low anterior resection of rectum with hand 
sutured coloanal anastomosis 

3202800 

Restorative proctectomy 3206000 
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Table 2-6: Data fields extracted for each case 

 

 

 

 

 

 

Figure 2-3: ARIA+ remoteness classification 

Variable Data details/ categories 

1.  Age 5- year age groups 

2.  Sex Male and Female 

3. Type of admission E- Emergency 

M- Maternity 

N- Newborn 

L- Elective 

4. Date of admission As month and year only 
5. Date of discharge 

6. Length of stay In days 

7. Admission type Public 

Private 

8. ARIA+ Outer cities of Australia 

Inner regional Australia 
Outer regional Australia 

9. Campus name Numerically coded and encripted 

10. Anatomical location of tumour ICD-10-AM codes (Table 2-1) 

11. Type of resection ACHI codes (Table 2-7) 

12. Lymph node status ICD-10-AM codes (Table 2-6) 

13. Metastasis status 
14. ASA PS score ASA 1-5 based on ACHI codes (Table 1-6) 

15. Discharge destination A: mental health residential facility 

B: transition care 

D: Death 

H: Home 

S: statistical seperation 
N: transfer to aged care residential facility 

T: transfer to other acute hospital 

Z: left against medical advice 

16. Mortality D: Death (as above) 

17. Readmission No of days to admission (from procedure 
date) 

 

Major cities
Inner Regional
Outer Regional
Remote
Very remote
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Figure 2-4: Study Population identification 

 

 Improving accuracy of cohort: application of algorithms 

 

The coding for anatomical tumour location and type of resection in this dataset would be 

expected to show a variability in coding accuracy and behaviour (3, 54, 67, 68). All the public 

health services in the study being from the state of Victoria, are comparable. They would be 

expected to exhibit similar patterns and accuracies of coding. Algorithms constructed from 

the accuracy study for right colon, left colon and rectum were applied to the VAED dataset 

to improve the accuracy of the final cohort (Figure 2-5). The language of the logic algorithms 

constructed was converted to IBM SPSS understandable language.Inaccurate combinations 

were excluded. The output dataset was divided into three distinct and mutually exclusive 

groups: right colon, left colon and rectum. 
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Figure 2-5: Algorithms to improve accuracy of anatomical tumour location and type of resection 

 
 Campus categorisation 

 

Campuses were categorised based on the ARIA+ classification into those located in major 

cities, inner regional and outer regional areas of Victoria. CSSANZ designated hospitals 

flagged in the dataset were the Alfred Hospital, Austin Hospital, Box Hill Hospital, 

Dandenong Hospital, Royal Melbourne Hospital, St Vincent’s Hospital and Western Hospital. 

Peter MacCallum Cancer Centre is not a CSSANZ designated hospital. However, owing to its 

cancer research, education and treatment profile it has been included in this group. 

 

The above mentioned three categories were subdivided into high volume (HI) or low volume 

(LO) campuses. This was based on the number of CRC resections performed in that campus 

over the study period. High volume campuses performed greater than or equal to 200 

operations and low volume campuses performed less than 200 operations. The rationale for 

subdividing categories based on volume was to allow for a volume comparison of outcomes 

between the three ARIA+ groups. The arbitrary number of 200 cases was used for two 

reasons: first, it was comparable to the case volume of CSSANZ hospitals and second, there 

RIGHT COLON= (((right hemicolectomy (stoma/anastomosis) OR extended right hemicolectomy 
(stoma/anastomosis)) & (caecum OR appendix OR ascending colon OR hepatic flexure OR transverse colon OR 
splenic flexure OR overlapping malignant lesion of colon OR malignant neoplasm of colon, unspecified part)) 
OR ((subtotal colectomy (stoma/anastomosis) OR limited excision of large intestine with anastomosis OR left 
hemicolectomy (stoma/anastomosis)) AND (caecum OR ascending colon OR hepatic flexure OR transverse 
colon OR splenic flexure))) 

 
LEFT COLON= (((rectosigmoidectomy with formation of stoma OR Anterior resection of rectum, level 
unspecified OR  high anterior resection OR Low Anterior resection of rectum OR  left hemicolectomy 
(stoma/anastomosis) OR subtotal colectomy (stoma/anastomosis) OR limited excision of large intestine with 
(anastomosis/stoma) OR total colectomy with ileostomy OR total colectomy with ileorectal anastomosis OR 
total proctocolectomy with ileostomy OR total proctocolectomy with ileoanal anastomosis OR total 
proctocolectomy with ileoanal anastomosis and formation of temporary ileostomy) AND (descending colon 
OR sigmoid colon))) 

 
RECTUM= (((low anterior resection of rectum OR Anterior resection of rectum, level unspecified OR  high 
anterior resection OR ultra-low anterior resection of rectum OR ultra-low anterior resection of rectum with 
hand sutured coloanal anastomosis OR abdominoperineal proctectomy OR perineal proctectomy OR total 
proctocolectomy with ileostomy OR total proctocolectomy with ileoanal anastomosis OR total 
proctocolectomy with ileoanal anastomosis and formation of temporary ileostomy) AND (overlapping 
malignant lesion of colon OR malignant neoplasm of colon, unspecified part OR rectosigmoid junction or 
rectum)) OR ((limited excision of large intestine with anastomosis OR rectosigmoidectomy with formation of 
stoma) AND (rectosigmoid OR rectum)))  
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was an obvious difference of greater than 100 cases between these two groups of 

campuses. This was decided a posteriori following analysis of case volumes per campus. 

 

Campuses were divided into six divisions: major cities CSSANZ centres (CSSANZ), major cities 

high volume centres (CHI), major cities low volume centres (CLO), Inner regional high 

volume centres (IRHI), inner regional low volume centres (IRLO) and outer regional low 

volume centres (ORLO). 

 

2.2.2 Data analysis  

 

 Part 1: Patterns of work 

 

The patterns of colorectal cancer resection workloads were studied across the state of 

Victoria. Baseline patient characteristics were compared between the CSSANZ campus 

category and the five other campus categories: G1 (CSSANZ versus CHI), G2 (CSSANZ versus 

CLO), G3 (CSSANZ versus IRHI), G4 (CSSANZ versus IRLO) and G3 (CSSANZ versus ORLO). Age 

was treated as continuous variables. The 5-year age groups provided were rounded to the 

highest number in that category, for example 40-45 as 45. Sex was dichotomised as male or 

female, type of admission as emergency or elective, discharge destination as home or other 

and lymph node & distant metastasis status as positive or negative. Lymph node status and 

metastasis status was extracted based on the ICD-10-AM codes. ASA PS scores were derived 

from general anaesthesia codes using the first occurring general anaesthetic code in the 

spell. These scores derived from the ACHI codes were divided into four categories: ASA1, 

ASA2, ASA3 and ASA4/5. ASA4 and ASA5 were combined into a single category. 

 

Type of resection (right colon, left colon and rectum) categorised by admission type 

(elective and emergency) was compared based on similar campus volumes: CSSANZ versus 

CHI (GA1) & CHI versus IRHI (GA2); within a geographical group: IRHI versus IRLO (GA4) and 

between geographical groups: CLO versus IRLO versus ORLO (GA4). Four operative 

procedures, namely elective right hemicolectomy, emergency Hartmann’s procedure, 

elective ultra-low anterior resection and elective abdominoperineal resection were similarly 

compared based on campus volumes and geographical locations. 
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 Part 2: Colorectal cancer resection short-term outcomes 

 

The short-term outcome measures studied were length of stay (LOS), in-patient mortality, 

discharge destination, 30-day emergency re-admission and re-operation during the same 

admission. This data was extracted for all patients in the final cohort. LOS was defined as 

the time from admission to discharge and treated as a continuous variable. VAED does not 

record the date of the procedure. Mortality was restricted to the index admission. Discharge 

destination was defined as a binary outcome where records were discharged home or 

elsewhere. It excluded mortalities. Re-admissions were identified from Victorian Emergency 

Minimum Dataset (VEMD) data and restricted to readmission within 30 days of discharge. 

The algorithm for identifying reoperations during the index admission was records with 

more than one general anaesthetic code and at least one reopening of laparotomy site ACHI 

code, 3038500.  

 

Age was divided into three categories, less than 50 years, 50 to 75 years and greater than 75 

years of age. CSSANZ designation was a binary variable, namely CSSANZ or non-CSSANZ 

designated campuses. Hospital case volume was dichotomised into low volume campuses 

and non-low volume campuses. 

 

2.2.3 Statistical test 

 

Analysis was conducted using IBM SPSS Statistics for Macintosh, Version 25.0 (Released 

2017, IBM Corp, Armork, NY). Continuous data was expressed as mean with standard 

deviation and categorical data as an absolute number and percentage. For univariate 

analysis of baseline characteristics, comparisons of categorical data were performed with 

the Chi Square test; comparisons of continuous data were performed with the Mann 

Whitney’s U-test. Comparison between two or three campus groups was performed with 

the Chi Square test. For significant Chi-square results in the comparison of three campuses, 

post hoc tests were performed for pairwise analysis.  
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Median LOS was computed overall and separately for type of resection and type of 

admission. Multivariable logistic regression was used to identify factors which influenced 

the LOS. Independent variables included were age, sex, type of admission, type of resection, 

lymph node status, metastasis status, ASA PS score, ARIA+ campus categories, CSSANZ 

designation and hospital case volume. Variables were included in the multivariable model if 

they were significant on likelihood ratio tests. The same approach was used to identify 

factors predicting in-patient mortality, discharge destination, 30-day emergency re-

admission and re-operation during the same admission. 
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2.3 Study 3: Ability of ASA PS classification to predict colorectal cancer 

resection short-term outcomes  

 

A retrospective analysis of all CRC resections from 1st of July 2007 to 30th of September 

2016, performed at four Victorian health services was conducted. These included the Alfred 

health, Austin health, Melbourne health and Monash health services. These are tertiary 

referral metropolitan public hospitals from the same city, with comparable patient 

demographics, comorbidities and operation types. 

 

2.3.1 Data source 

 

A cohort of all patients who had a CRC resection was obtained from Dr Foster global 

comparators (GC) database. GC is an international hospital benchmarking collaborative that 

collects administrative data from major hospitals around the world. Its aim is to measure 

international variation in healthcare, and to use that information to improve quality of 

healthcare and economise resource utilisation around the world. One of its most valuable 

asset is an international dataset containing data from millions of patient admissions from 

over 50 subscribed hospitals around the world.  This dataset is used to perform 

international comparisons of health outcomes. This study was done in collaboration with a 

senior research analyst and statistician from Dr Foster Global Comparators. The information 

was delivered as power point presentations and discussed via teleconference. Microsoft 

PowerPoint for Mac, 2017, Version 15.32 (170309) was used to view. They were saved on a 

MacBook Pro 2016 utilizing the macOS Sierra version 10.12.6 (© 1983-2017 Apple Inc.). 

 

2.3.2 Cohort search 

 

Cohort definition: Patients that had a colorectal cancer resection procedure at one of the 

following four hospitals in Australia – Alfred Health, Austin Health, Monash Health or 

Melbourne Health. The cohort was restricted to patients who had a general anaesthetic 

ACHI code recorded. 
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Time period: 1st July 2007 – 30th September 2016  

 

Cases were identified, based on a primary diagnosis (anatomical tumour location) of 

colorectal cancer and a procedure code of colorectal resection, as per ICD-10-AM (Table 2-1) 

and ACHI codes (Table 2-3 & 2-5).  

 

Each record had an anatomical tumour location and corresponding procedure code. If a 

record had one operation and two anatomical tumour locations coded in the same 

operation (synchronous tumours), the location in proximity to the rectum was deemed as 

the primary tumour location. This rule was followed provided the appropriate 

corresponding operation was performed. The reason for this was two- fold. First, left colon 

and rectal cancer operations are more complex and patients have a longer length of stay. 

This would more accurately explain the short-term outcomes. Second, algorithms 

constructed to improve accuracy require a single operation and single anatomical location 

of tumour combination per record. 

 

 Improving accuracy of cohort: Application of algorithms 

 

The coding for anatomical tumour location and type of resection in this dataset would be 

expected to show a variability in coding accuracy and behaviour (3, 54, 67, 68). Coding of 

administrative data within Australia is standardized and coders well-trained. The health 

services in the study being from the same city of Victoria, are comparable along the 

parameters of efficiency, effectiveness and quality. They would be expected to exhibit 

similar patterns and accuracies of coding. Algorithms constructed from the accuracy study 

for right colon, left colon and rectum were applied to the GC dataset to improve the 

accuracy of the final cohort (Figure 2-5). Inaccurate combinations were excluded. This 

resulted in three distinct and mutually exclusive groups of accurate combinations: right 

colon, left colon and rectum. 

 



63 
 

Table 2-7: ACHI codes for laparoscopic colorectal resections 

 

 

ACHI coding of Laparoscopic colorectal procedures was introduced in July 2013. The 

algorithms applied to the GC dataset are modified to reflect these changes. 

 

 Exclusions from cohort 

 
1. Cases with missing ASA PS score 

ASA score coding was explored in the Dr Foster GC dataset. All cases without a specific ASA 

score code were excluded. 

 

2. Case with post-operative length of stay of zero days 

Analysis of the GC dataset identified a subset of patients that had their date of discharge 

recorded on the same day as their procedure date. The reason for this could not be elicited. 

These cases were excluded from the final cohort. A sensitivity analysis was performed to 

compare basic demographics and outcome measures between the two groups: cases with 

pLOS=0 days and those with missing ASA PS score versus cases with pLOS>0 days and cases 

with specific ASA PS score.  Pearsons chi-squared test was used to test for proportions and 

t-test for age and comorbidities. A P-value of <0.05 was considered statistically significant. 

Description Code 

Laparoscopic right hemicolectomy 
with anastomosis 

3200303 

Laparoscopic right hemicolectomy 
with formation of stoma 

3200003 

Laparoscopic extended right 
hemicolectomy with anastomosis 

3200503 

Laparoscopic extended right 
hemicolectomy with formation of 
stoma 

3200403 

Laparoscopic left hemicolectomy 
with anastomosis 

3200602 

Laparoscopic left hemicolectomy 
with formation of stoma 

3200603 

Laparoscopic subtotal colectomy 
with anastomosis 

3200502 

Laparoscopic subtotal colectomy 
with formation of stoma 

3200402 

Laparoscopic total colectomy with 
ileorectal anastomosis 

3201201 

Laparoscopic total colectomy with 
ileostomy 

3200901 

Laparoscopic limited excision of 
large intestine with anastomosis  

3200302 

Laparoscopic limited excision of 
large intestine with formation of 
stoma 

3200002 
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Figure 2-6: Cohort identification 

2.3.3 Data extraction and analysis 

 

 Demographics 

 

Data including patient characteristics and admission details were derived for each patient 

from the GC dataset as follows: Age, sex, year of operation, type of admission (emergency 

versus elective) ASA PS score, Elixhauser comorbidity index, lymph node metastasis and 

distant metastasis status. Histology information was unavailable in the GC database. 

 

ASA PS score, lymph node metastasis and distant metastasis status data was extracted 

based on the ICD-10-AM and ACHI codes (Table 2-8). Age and year of operation were 

treated as continuous variables. Sex was dichotomized as male or female and type of 

admission into elective or emergency. ASA PS scores were derived from general anaesthesia 

codes using the first occurring general anaesthetic code in the spell, instead of using the 

highest numerical ASA PS score that occurred in the spell. The first ASA PS score reflects the 
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score at the time of the index procedure. A second ASA PS score in the same admission 

would reflect the score at the time of a second procedure/re-operation. In majority of the 

cases, this second score would be higher, considering that a re-operation is usually done in a 

sick patient or in a patient who has had a post-operative complication. ASA PS score 5 was 

included with ASA PS score 4. ASA PS score was divided into four categories: ASA 1, ASA 2, 

ASA 3 and ASA 4. The Elixhauser comorbidity index was calculated for each patient based on 

31 comorbidities coded in the administrative database. 

 

 

 

Figure 2-7: Algorithms to improve cohort accuracy 

 

RIGHT COLON 
 
(((laparoscopic/open right hemicolectomy (stoma/anastomosis) OR laparoscopic/open 
extended right hemicolectomy (stoma/anastomosis)) & (caecum OR appendix OR ascending 
colon OR hepatic flexure OR transverse colon OR splenic flexure OR overlapping malignant 
lesion of colon OR malignant neoplasm of colon, unspecified part)) OR ((laparoscopic/open 
subtotal colectomy (stoma/anastomosis) OR laparoscopic/open limited excision of large 
intestine with anastomosis OR laparoscopic/open left hemicolectomy (stoma/anastomosis)) 
AND (caecum OR ascending colon OR hepatic flexure OR transverse colon OR splenic 
flexure))) 
 
LEFT COLON 
 
(((laparoscopic/open rectosigmoidectomy with formation of stoma OR Anterior resection of 
rectum, level unspecified OR high anterior resection OR low anterior resection OR 
laparoscopic/open left hemicolectomy (stoma/anastomosis) OR laparoscopic/open subtotal 
colectomy (stoma/anastomosis) OR laparoscopic/open limited excision of large intestine 
with (anastomosis/stoma) OR laparoscopic/open total colectomy with ileostomy OR 
laparoscopic/open total colectomy with ileorectal anastomosis OR total proctocolectomy 
with ileostomy OR total proctocolectomy with ileoanal anastomosis OR total 
proctocolectomy with ileoanal anastomosis and formation of temporary ileostomy) AND 
(descending colon OR sigmoid colon))) 
 
RECTUM 
 
(((low anterior resection of rectum OR Anterior resection of rectum, level unspecified OR high 
anterior resection OR ultra-low anterior resection of rectum OR ultra-low anterior resection 
of rectum with hand sutured coloanal anastomosis OR abdominoperineal proctectomy OR 
perineal proctectomy OR total proctocolectomy with ileostomy OR total proctocolectomy 
with ileoanal anastomosis OR total proctocolectomy with ileoanal anastomosis and 
formation of temporary ileostomy ) AND (overlapping malignant lesion of colon OR 
malignant neoplasm of colon, unspecified part OR rectosigmoid or rectum)) OR 
((laparoscopic/open limited excision of large intestine with anastomosis OR 
rectosigmoidectomy with formation of stoma ) AND (rectosigmoid OR rectum))) 
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Lymph node metastasis and distant metastasis were defined as binary variables and 

dichotomised into its absence or presence.  

 

 Outcome measures 

 

The short-term outcome measures studied were post-operative length of stay (pLOS), in-

patient mortality, discharge destination, 30-day emergency re-admission, re-operation 

during the same admission and mechanical ventilation. This data was extracted for all 

patients in the final cohort. Mechanical ventilation is coded in administrative data based on 

ACHI codes (Table 2-8). 

 

pLOS was the primary outcome measure. It was defined as a binary outcome, with the cut-

off being 14 days or longer. This corresponded to the upper quartile or above. Records with 

a pLOS of 0 days were excluded from the final cohort. In-patient mortality and discharge 

destination data is flagged in the GC database. Discharge destination was defined as a 

binary outcome where records were discharged home or elsewhere. It excluded deaths and 

patients that left against medical advice. In-patient mortality was restricted to the index 

admission only. 

 

The algorithm to identify thirty-day emergency re-admissions was based on a combination 

of, days to next admission (where days was between 1 and 30 days) and “next admission 

urgent flag”. Mortalities were excluded from the cohort when measuring this outcome and 

dates were restricted to leave a 3-month window to allow for readmission at the end of the 

time period. The algorithm constructed for identifying re-operative cases during the same 

admission cases was: records with more than one general anaesthetic code, and at least one 

reopening of laparotomy site code or more than one colorectal procedure code or a code 

suggestive of a re-operation. The codes suggestive of a re-operation were defined based on 

extensive analysis of ACHI codes. Re-operation was restricted to the index admission. 

 

Mechanical ventilation, in the healthcare setting or home, helps patients breathe by 

assisting the inhalation of oxygen into the lungs and the exhalation of carbon dioxide (154). 

ACHI classifies mechanical ventilation into three categories depending on the duration of 
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‘management of continuous ventilation support’: ≤24 hours, >24 and <96 hours and ≥96 

hours. Re-admission, re-operation during the same admission and mechanical ventilation 

were defined as binary variables. 

Table 2-8: ICD-10 AM and ACHI codes 

 

 

 Statistical tests 

 

Multiple linear regression models were constructed to study the association between 

comorbidity indices and short-term outcomes. pLOS was the main outcome of interest. For 

each outcome, we compared the following models: only ASA score, only Elixhauser 

comorbidity index (ECI), both ASA and ECI. These were adjusted for age, sex, type of 

A. Lymph node status (ICD-10-AM codes) 

C772 Secondary and unspecified malignant neoplasm of intra-abdominal lymph 
nodes 

C775 Secondary and unspecified malignant neoplasm of intrapelvic lymph nodes 

B. Metastasis status (description denotes metastasis to that organ) (ICD-10-AM codes) 

C780 Secondary malignant neoplasm of lung 

C782 Secondary malignant neoplasm of pleura 

C784 Secondary malignant neoplasm of small intestine 

C785 Secondary malignant neoplasm of large intestine and rectum 

C786 Secondary malignant neoplasm of retroperitoneum and peritoneum 

C787 Secondary malignant neoplasm of liver and intrahepatic bile duct 

C788 
Secondary malignant neoplasm of other and unspecified digestive 
organs 

C790 Secondary malignant neoplasm of kidney and renal pelvis 

C791 
Secondary malignant neoplasm of bladder and other and unspecified 
urinary organs 

C793 Secondary malignant neoplasm of brain and cerebral meninges 

C795 Secondary malignant neoplasm of bone and bone marrow 

C796 Secondary malignant neoplasm of ovary 

C797 Secondary malignant neoplasm of adrenal gland 

C7982 Secondary malignant neoplasm of genital organs 

C7988 Secondary malignant neoplasm of other specified sites 

  

C. Re-operation during index admission (ACHI codes) 
Algorithm= (more than one general anaesthetic code) + [(Postoperative reopening of laparotomy site- 
3038500) or (more than one colorectal procedure code or re-operation suggestive codes as follows)] 

3005801 Control of postoperative haemorrhage, not elsewhere classified 

3037300 Exploratory laparotomy 

3037800 Division of abdominal adhesions 

3039300 Laparoscopic division of abdominal adhesions 

3039400 Drainage of intra-abdominal abscess, haematoma or cyst 

3039600 Debridement and lavage of peritoneal cavity 

3040303 Reclosure of postoperative disruption of abdominal wall 

3384500 Control of postoperative bleeding or thrombosis after intra-abdominal 
vascular procedure 

D. Mechanical ventilation (ACHI codes) 

13882-00 ≤24 hours 

13882-01 >24 hours and <96 hours 

13882-02 ≤96 hours 
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admission, year of operation, type of resection, comorbidities lymph node metastasis and 

distant metastasis status. Odds ratio was calculated to measure the association between an 

exposure and outcome. A P-value of <0.05 was considered significant. Changes in odds ratio 

were investigated across all three models.  

 

Concordance statistic (C-statistic), Akaikes’s information criterion (AIC) and residual 

deviance were compared to identify the best performing model. Likelihood ratio tests (LR 

tests) were carried out to analyse whether the ASA score improved predictions in addition 

to ECI. 
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3.  Results study 1: Accuracy of administrative 

coding data in colorectal cancer resections and 

short-term outcomes 

 

The aim of this study was to determine the accuracy of administrative data to provide 

tumour characteristics, staging information and short-term post-operative outcomes, after a 

colorectal cancer resection, compared with clinical data. 

 

3.1 Cohort identification 

  

3.1.1 Preliminary cohort 

 

607 patients admitted to RMH with CRC were identified in the RMH BioGrid dataset 

between 1 January 2008 to 31 December 2013 (Figure 3-1). 7 prevalent cases and 28 

duplicated cases were excluded from this cohort. The total number of incident CRC patients 

in the BioGrid cohort was 572.  This was initially treated as the gold standard clinical cohort. 

 

RMH administrative data identified 1155 patients admitted to RMH with a principal 

diagnosis of CRC between 1 January 2008 to 31 December 2013. 72 prevalent cases and 435 

duplicated cases were excluded from the cohort. A total of 646 were eligible for analysis.   

 

The BioGrid cohort and administrative data cohort lists were individually matched. The 

combined list of incident CRC patients resulted in 694 cases. Data was extracted from both 

the medical files and the administrative data for each of these patients.   

 

There were 524 matched patients between the two cohorts. The administrative database 

identified 122 unique cases which were not in the BioGrid database. 48 unique cases were 

identified in the BioGrid database not identified in the administrative database. The reasons 

for the non-matches were elicited from the medical charts.   
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There was a wide discrepancy between the cohorts identified using the two databases. 

Algorithms were constructed to obtain a better match between the databases.  

 

3.1.2 Final cohort 

 

Four Algorithms were constructed using combinations of principal diagnosis, resection and 

type of admission (elective and emergency). The cohorts identified from each database are 

noted in Table 3-1. 

 

 

Figure 3-1: Preliminary cohort identification 
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Algorithm 4 was the best matched algorithm. A total of 465 patients were eligible for 

analysis. The algorithm identified 433 matches between the databases, with 23 unique  

 

Table 3-1: Cohort search algorithm results 

 

 

cases in the administrative database not identified in the BioGrid database and 16 unique 

cases in the BioGrid database not identified in the administrative database. Of the unique 

cases, 32 fulfilled the inclusion criteria. Medical charts were unavailable for 29 cases and 

hence the final cohort included 436 patients (Figure 3-2). 

 

Figure 3-2: Final cohort identification 
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3.1.3 Accuracy of coding 

 

The final cohort as per algorithm 4 was considered for the accuracy study. The accuracy of 

administrative coding was studied by comparing the medical chart data with the 

administrative coding.  Medical records consisted of discharge summaries, operation notes, 

anaesthetic notes, clinical progress notes, and blood transfusion forms. For the purposes of 

the chart review, the operation note was used as the gold standard for identifying both the 

anatomical site and operation performed.   

 

3.1.4 Anatomical location 

 

Anatomical location refers to the position of the cancer within the colon or rectum. The 

codes do not distinguish between the three thirds of the rectum (upper, middle and lower). 

The administrative codes and accuracy of each anatomical site is noted in Table 3-2. 

 

Table 3-2: Anatomical site codes and accuracy 

 

 

Anatomical site accuracy is variable, ranging from 53%-100%. Section 3.3.1 explains 

methods to improve accuracy by code combinations.  
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3.1.5 Type of operation 

 

Operations consisting of colorectal cancer resections were considered. The ACHI codes for 

type of operation and respective accuracy of coding is tabulated in Table 3-3. The overall 

accuracy for operation coding was 71%. Rectosigmoidectomy with formation of stoma was 

consistently coded with an accuracy of 94%. High anterior resection of rectum had an 

accuracy of 59%. 

 

Table 3-3: ACHI colorectal operation codes and respective accuracy 

 

 

The accuracy of type of operation coding was variable. The accuracy of type of operation 

was improved by constructing algorithms utilising a combination of anatomical location and 

type of operation. Details of algorithm construction is discussed in section 3.3.2. 
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Laparoscopic procedure coding was commenced in June 2013, which included 6 months of 

the study period (June 2013 to December 2013). Coding accuracy for these procedures was 

56%. The coding was inconsistent. It was not possible to reliably determine from the 

administrative data whether a procedure was performed laparoscopically or not. 

 

3.2 Histology 

 

The overall accuracy of histology was 90%. The majority of histopathology type as expected 

was adenocarcinoma. Individual histology accuracy is noted in table 3-4. 

 

Table 3-4: Histology accuracy 

 

 

Codes M81403 and M84803 describe ‘adenocarcinoma’ and ‘mucinous adenocarcinoma’. 

Mucinous adenocarcinoma being a subtype of adenocarcinoma, was combined with 

adenocarcinoma in a single group. 

 

‘No residual tumour’ denotes the absence of tumour in the resected specimen. These were 

coded with variable histological codes. 
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3.2.1 Staging 

 

The accuracy of lymph node and metastasis status was 91% and 88% respectively. Two 

cases were excluded from the cohort due to lack of clinical information despite an extensive 

search. 

 

Table 3-5: Lymph node and distant metastasis status coding accuracy 

 

 

3.2.2 Post-operative complications 

 

Return to theatre and in-patient mortality had an accuracy of 100%, i.e., 11 and 10 cases 

respectively. The accuracy of post-operative wound infection was 67% and post-operative 

anaemia requiring blood transfusion was 81%. 

 

Table 3-6: Post-operative complications coding accuracy 

 

 

3.3 Improving accuracy 

 

3.3.1 Combining codes within same group 

 

Anatomical site coding showed varying degrees of accuracy. Cancers at the hepatic flexure 

and the rectosigmoid were poorly coded, with an accuracy of 53% and 64% respectively. 
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Anatomical location was divided into three groups. Coding behaviour and effect of code 

combination was explored to improve its accuracy.  

 

Table 3-7: Improved accuracy of anatomical location by combining codes 

 

 

By grouping anatomical locations into right sided, left sided and rectal combinations, 

accuracy was improved to 94% and 90% and 88% respectively. 

 

3.3.2 Combining codes between two groups: algorithms 

 

Algorithms were constructed to combine type of operation and tumour location. These 

combinations were tabulated into three divisions: right colon, left colon and rectum. 

Tumour location was the primary determinant of grouping. 

 

Inclusion in a particular group was based on studying coding combinations that included all 

possible coding behaviour for a particular type of operation and tumour location 

combination.  
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 Right colon 

Table 3-8: Right colon cohort code exploration 

 

Anatomical location of tumour in the appendix, caecum, ascending colon, hepatic flexure, 

transverse colon and splenic flexure was included in this division. Type of operations 

included are enumerated in Table 3-8.  

 

Codes were explored for each operation and anatomical location within the division. 

Inaccurate coding behaviour was studied. For example, if a right hemicolectomy with 

anastomosis was coded as an extended right hemicolectomy with anastomosis it was still 

deemed as “correct code used” for the purpose of algorithm construction. The reason for 
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this being that an extended right hemicolectomy with anastomosis is a right colon 

operation. Illogical combinations, for example a right hemicolectomy coded as a hernia 

repair was excluded from the right colon division cohort. This method reduced coding errors 

by combination.  

 

A similar approach was followed for anatomical location. A case wherein the tumour was 

located in the ascending colon but was coded as caecum, would be included in the right 

colon division. If the same tumour however was coded as sigmoid colon, it would be 

excluded from the right colon cohort. Table 3-8 explains the reason for the incorrect code 

and hence exclusion of the case. Figure 3-3 contains the algorithm to identify a right colon 

case, its accuracy being 92% 

 

 

Figure 3-3: Right colon algorithm 

 

 Left colon 

 

A similar process of code exploration was undertaken for identifying a left colon case (Table 

3-9). Left colon included the descending colon and sigmoid colon.  A left hemicolectomy was 

included in the right colon as well as left colon division. The determining factor was 

anatomical location of tumour. If the tumour was located upto and including the splenic 

flexure, the case was grouped in the right colon. If the tumour was in the descending colon 

or sigmoid colon it was grouped in the left colon. A similar approach was followed for a 

subtotal colectomy and total colectomy. 
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Table 3-9: Left colon cohort code exploration 

 

The overall accuracy of identifying a left colon case using the algorithm (Figure 3-4) was 

90%. 

 

Figure 3-4: Left colon algorithm 

 
 Rectum  

The ‘rectum’ included rectosigmoid and rectum. The overall accuracy of identifying a case in 
the rectum division using the algorithm (Figure 3-5) was 88%. A Hartmann’s procedure, high 
anterior resection, low anterior resection, total colectomy, total proctocolectomy were 
grouped either in the left colon or rectum division based on the anatomical location of the 
tumour. 
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Figure 3-5: Rectum algorithm 

 
Table 3-10: Rectum cohort code exploration 
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4.  Results study 2: Study of colorectal cancer 

resections in Victoria using administrative 

data: Patterns of work and short-term 

outcomes 

 

The aim of this study was to describe the patterns of colorectal cancer resection workloads 

and short-term outcomes across the state of Victoria. 

 

4.1 Study population 

 
The Victorian Admitted Episodes Dataset (VAED) identified 14,094 eligible cases in the study 

period. There were 6465 cases performed in private hospitals, 18 duplicated cases, 2 “M” 

admission types and 13 “S” admission types. These cases were excluded from the initial 

dataset, resulting in 7596 unique cases performed in 44 public hospitals (Figure 4-1). 

 

 

Figure 4-1: Final cohort identification 
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4.1.1 Improving accuracy of cohort: application of algorithms 

 

Algorithms constructed to improve the accuracy of the database were applied to the VAED 

dataset. The output dataset was divided into three groups: right colon, left colon and 

rectum (Figure 4-1). The algorithms applied identified 7303 accurate combinations. The 

reason for the illogical combinations are enumerated in (Table 4-1). There were 50 “right 

hemicolectomy with anastomosis” operations with the anatomical tumour location in the 

left colon or rectum; 31 ultra-low anterior resections with the anatomical tumour location 

 

Table 4-1: Operation and anatomical tumour locations excluded. 

 

Operation Right 
colon 

Left 
colon 

OMLC* MNU** Rectum Total 

Right hemicolectomy with stoma 
 

0       3 
 

0 
 

0 16 19 

Limited excision of large intestine with 
anastomosis 

 
4 0 

 
1 

 
5 0 10 

Right hemicolectomy with anastomosis 
 

0 14 
 

0 
 

0 36 50 

Subtotal colectomy with formation of stoma 
 

0 0 
 

2 
 

2 10 14 

Extended right hemicolectomy with formation of 
stoma 

 
0 1 

 
0 

 
0 2 3 

Subtotal colectomy with anastomosis 
 

1 0 
 

5 
 

9 6 21 

Extended right hemicolectomy with anastomosis 
 

0 11 
 

0 
 

0 4 15 

Left hemicolectomy with anastomosis 
 

0 0 
 

3 
 

8 35 46 

Left hemicolectomy with formation of stoma 
 

0 0 
 

0 
 

0 21 21 

Total colectomy with ileostomy 
 

0 0 
 

0 
 

0 10 10 

Total colectomy with ileorectal anastomosis 
 

0 0 
 

4 
 

2 4 10 

Total proctocolectomy with ileostomy 
 

6 0 
 

0 
 

0 0 6 

High anterior resection of rectum 
 

14 0 
 

0 
 

0 0 14 

Low anterior resection of rectum 
 

6 0 
 

0 
 

0 0 6 

Ultra low anterior resection of rectum 
 

3 28 
 

0 
 

0 0 31 

Ultra low anterior resection of rectum with hand 
sutured coloanal anastomosis 

 
0 2 

 
0 

 
0 0 2 

Rectosigmoidectomy with formation of stoma 
 

5 0 
 

1 
 

2 0 8 

Abdominoperineal proctectomy 
 

0 3 
 

0 
 

0 0 3 

Total proctocolectomy with ileo-anal anastomosis 
 

1 0 
 

0 
 

0 0 1 

Total proctocolectomy with ileo-anal anastomosis 
and formation of temporary ileostomy 

 
3 0 

 
0 

 
0 0 3 

 
Total 

 
43 62 

 
16 

 
28 144 293 

* OMLC- Overlapping malignant lesion of the colon 
** MNU- Malignant neoplasm of colon, unspecified part 
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in the right or left colon. Overlapping malignant lesion of the colon and malignant neoplasm 

of the colon, unspecified part accounted for 16 and 28 cases respectively. The majority of 

these diagnosis had to be excluded after an analysis of their coding behaviour. Their non-

specific description resulted in them being assigned to any part of the colon or rectum. 

 

4.1.2 Campus categorisation 

 

There were 23 hospitals located in the major cities of Australia category, 16 in inner regional 

Australia and 5 in outer regional Australia. Major cities of Australia category comprised of 8 

hospitals in the CSSANZ group, 3 in the CHI and 12 in the CLO group; inner regional Australia 

comprised of 2 hospitals in the IRHI and 14 hospitals in the IRL group; outer regional 

Australia included 5 hospitals in the ORL group. Campus groups will be referred simply as 

CSSANZ or CHI etc., as opposed to CSSANZ campus group or CHI campus group. 

 

4.1.3 Patterns of work 

 

Elective CR resections comprised 82% of the CR resections in the state, and emergency CR 

resections the remaining 18%. Table 4-2 compares baseline demographics between the 

CSSANZ campus group versus the five other campus groups. 

 

The mean age of a patient in CSSANZ was 69.9 years. The difference in mean age was 

statistically significant in groups G1, G2, G4 and G5 (Table 4-2). Clinically, however the 

maximum mean age difference was only 4 years (74 years versus 70 years). The incidence of 

cancer was higher in males (52-57%) but there was no statistically significant difference 

between the 5 groups. IRL and ORL groups had a higher proportion of emergency 

admissions ranging from 25% to 32%. Emergency admissions comprised 17% of all 

admissions in CSSANZ. There was no difference in mean ASA grade, which ranged from 2.42 

to 2.33. 
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Table 4-2: Comparison of baseline demographics between campus divisions 

 

 

Right colon, left colon and rectal operations are reported as a percentage of total resections 

within each campus group. These percentages are compared within groups as proportions. 

The percent proportion of right colon operations was significantly higher in the low volume 

centres, G2-55.8%, G4-54.9% and G5-56.8% versus 40.4% in CSSANZ. CHI, also had a 

significantly higher right colon resection percentage of 46%. However, this was lower than 

the low volume centres. Left colon operations were significant in the G1 and G4 groups. 

CSSANZ performed a larger percent proportion of these operations (G1-24.4% versus 21.3% 

and G4-24.4% versus 20.9%). Low volume centres (in groups G2, G4 and G5) performed a 

lower absolute number, as well as proportion of rectal operations when compared to the 

CSSANZ. This difference was statistically significant (Table 4-2).  

 

Patient 
characteristics 

G1(CSSANZ V. CHI) G2(CSSANZ V. 

CLO) 

G3(CSSANZ V. IRH) G4(CSSANZ V. IRL) G5(CSSANZ V. ORL) 

 CSSANZ CHI CLO IRH IRL ORL 

Age, y, mean (SD) 69.9 (12.9) 71.2 (11.6) 70.3 (13.6) 71.1 (11.9) 72.5 (11.8) 73.9 (11.06) 

  p value  0.000 0.076 0.003 0.000 0.000 

       

Sex, % (n)       

  Male 56.6 (2064) 55.5 (725) 51 (183) 56.2 (335) 54.1 (599) 52.3 (149) 

  Female 43.4 (1585) 44.5 (582) 49 (176) 43.8 (261) 45.9 (508) 47.7 (136) 

  p value  0.494 0.042 0.871 0.150 0.160 

       

Admission, % (n)       

  Emergency 16.8 (613) 18.9 (247) 31.8 (114) 19.6 (117) 17.2 (190) 24.6 (70) 

  Elective 83.2 (3036) 81.1 (1060) 68.2 (245) 80.4 (479) 82.8 (917) 75.4 (215) 

  p value  0.086 0.000 0.089 0.777 0.001 

       

ASA, mean (SD) 2.42(0.733) 2.40(0.743) 2.33(0.83) 2.41(0.76) 2.38(0.778) 2.33 (0.78) 

  n 2935 970 297 452 962 212 

  p value   0.362 0.038  0.689  0.074  0.167  

       

Resection, % (n)       

Right colon 40.4 (1474) 46 (601) 56.8 (204) 41.6 (248) 54.9 (608) 55.8 (159) 

  p value  0.000 0.000 0.575 0.000 0.000 

Left colon 24.4 (891) 21.3 (278) 25.1 (90) 25.5 (152) 20.9 (231) 24.2 (69) 

  p value  0.021 0.784 0.568 0.015 0.938 

Rectum 35.2 (1284) 32.7 (428) 18.1 (65) 32.9 (196) 24.2 (268) 20 (57) 

  p value  0.111 0.000 0.274 0.000 0.000 

       

Lymph nodes, % (n)       

 31.8 (1160) 36.5 (477) 29.2 (105) 35.6 (212) 33.1 (366) 28.4 (81) 

  p value  0.002 0.323 0.067 0.427 0.239 

       

Metastasis, % (n)       

 12.6 (459) 11.2 (147) 16.4 (59) 10.6 (63) 10.4 (115) 11.9 (34) 

  p value  0.207 0.038 0.166 0.050 0.750 

       

Total cases, n (%) 3649  1307  359 596 1107  285 
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Apart from CHI (G1) having a slightly higher proportion of lymph node positive cancers 

(36.5% versus 31.8%), there was no difference between groups based on lymph node and 

distant metastasis.  

 

4.1.4 Comparison of right colon, left colon and rectal operations between 

campus groups 

 

 Comparison of high volume centres (GA1 and GA2) 

 

CSSANZ performed 2.5 times more emergency resections and 2.9 times more elective 

resections, when compared to CHI. However, the percentage of type of resections done as 

an emergency were approximately the same in both campuses (Table 4-3). The percentage 

of elective right colon operations were significantly higher (2(1) =10.7, p=0.001) in CHI (43% 

versus 37.3%), whereas elective left colon operations were significantly higher (p=0.006) in 

CSSANZ (23% versus 19%). 

 

Figure 4-2: Elective and emergency resection percentage split within GA1 group 

 

 

 

 
GA1: High volume centres within “major cities” 
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Table 4-3: Comparison of type of operation and admission type between GA1, GA2, GA3 and GA4 groups 

 

 

Rectal operations comprised 35% (n=1284) and 32% (n=428) of all operations in CSSANZ and 

CHI respectively. In both campus groups, 77% of all right colon procedures and 94% of all 

rectal procedures were performed electively (Figure 4-2). 

 

In the GA2 group, total number of operations performed in CHI was 1307 and IRHI was 596. 

CHI comprised of 3 hospitals and IRHI of 2 hospitals, each performing approximately 436 

cases/hospital and 298 cases/hospital respectively. The percentage of elective right colon 

and rectal resections remained steady at 76% and 94-95% respectively in the two campus 

groups (Figure 4-3). Elective left colon operations decreased by 4% in IRHI. The percentage 

of left colon emergency resections were higher in IRHI (41% versus 31.2%), whereas 

emergency rectal resections were higher in CHI (10% versus 8.5%). However, there was no 

statistically significant difference between the two campus groups based on type of 

admission and type of resection (Table 4-3).  

 

 GA1(CSSANZ V CHI) GA2(CHI V IRHI) GA3(IRHI V IRLO) GA4(CLO V IRLO V ORLO) 

 CSSANZ CHI CHI IRHI IRHI IRLO CLO IRLO ORLO 

Emergency 

Right     
% (n) 

55.6 (341) 58.7(145) 58.7(145) 50.4(59) 50.4(59) 65.3(124) 65(74) 65(124) 59(41) 

  p- value .410  0.137  0.010  0.587   

Left 31.5(193) 31.2 (77) 31.2 (77) 41(48) 41(48) 25.3(48) 30(34) 25(48) 27(19) 

  p- value .929  0.065  0.004  0.686   

Rectum 12.9 (79) 10.1 (25) 10.1 (25) 8.5(10) 8.5(10) 9.5(18) 5.3(6) 9.5(18) 14.3(10) 

  p- value .260  0.634  0.784  0.114   

Elective 

Right  37.3(1133) 43(456) 43(456) 39.5(189) 39.5(189) 52.8(484) 53(130) 53(484) 55(118) 

  p- value 0.001  0.190  0.000  0.856   

Left  23(698) 19(201) 19(201) 21.7(104) 21.7(104) 20.0(183) 23(56) 20(183) 23(50) 

  p- value 0.006  0.210  0.441  0.412   

Rectum 39.7(1205) 38(403) 38(403) 38.8(186) 38.8(186) 27.3(250) 24.1(59) 27(250) 22(47) 

  p- value 0.337  0.762  0.000  0.208   
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Figure 4-3: Elective and emergency resection percentage split within GA2 group 

 

 Comparison of differing volume centres within the same ARIA+ group (GA3) 

  

A significantly higher percent proportion of both elective (p=0.010) as well as emergency 

(2(1) =22.37, p<0.001) right colon operations were performed in IRLO when compared to 

IRHI (52.8% versus 39.5% and 65.3% versus 50.4%). The percentage of emergency left colon 

operations performed in IRHI was significantly higher (41% versus 25.3%), however, the 

absolute number of operations was the same in both campus groups (n=48) (Table4-3).  

 

There was no significant difference in the elective left colon operation type. The total 

number of emergency rectal operations performed was small: 10 cases in IRHI and 18 cases 

in IRLO respectively (Table 4-3). There was a significantly (p<0.001) higher percent 

proportion of elective rectal cancer resections in IRHI (38.8%) as compared to IRLO (27.3%). 

The two hospitals in IRHI performed 186 rectal resections, whereas 14 campuses in IRLO 

performed 250 rectal resections. This translates to approximately 93 operations/hospital in 

IRHI and 18 operations/hospital in IRLO. The elective versus 

 

 
GA2: High volume centres within “major cities” and “inner regional” 
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Figure 4-4: Elective and emergency resection percentage split within GA3 group 

emergency percentage split was similar in both campus groups for right colon and rectal 

resections (Figure 4-4). 

 

 Comparison of low volume centres across all ARIA+ groups 

  

The percentage of emergency right colon operations was higher in CLO (36%), as compared 

to IRLO (20%) and ORLO (26%) (Figure 4-5). However, this difference was not statistically 

significant. In general, there were small variations in percentage for type of operations 

performed, none of which were statistically significant (Table 4-3) 

 

Comparing across campus groups (Table 4-3), the percentage of elective right colon 

resections was higher in the low volume centres: CLO (53%), IRLO (53%) and ORLO (55%), as 

compared to high volume centres: CSSANZ (37.3%), CHI (43%) and IRHI (39.5%). High 

volume centres performed 71% (n=1778) of all elective right colon operations in the state, 

89% (n=1589) of which were performed in city hospitals.  The percentage of emergency 

right colon resections while being variable, was higher in low volume centres as compared 

to high volume centres (59-65% versus 50-59%). 

 

A larger percentage emergency left colon operations was performed in high volume centres: 

CSSANZ (31.5%), CHI (31.2%) and IRHI (41%) as compared to low volume 

 

 
GA3: High volume centres and low volume centre within “inner regional” 
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Figure 4-5: Elective and emergency resection percentage split within GA4 group 

 

centres: CLO (30%), IRLO (25%) and ORLO (27%). A total of 318 cases (76%) were performed 

in high volume centres. Similarly, while the percentage of elective right colon operations 

was variable across all campus groups, 77.6% of all these cases were performed in high 

volume centres, 90% of which were performed in city hospitals. 

 

The majority of elective rectal operations were performed in the city or in high volume 

centres. There was an obvious decreasing trend in the percentage from high volume to low 

volume centres (40% to 22%). High volume centres performed 83% (n=1794) of all elective 

rectal operations, 90% (n=1608) of which were performed in city hospitals. 

 

4.1.5 Comparison of selected operations 

 

The total number of elective right hemicolectomies performed in the state was 1829. High 

volume centres performed 70% of all these operations. The percentage (in comparison to 

total elective resections within that campus group) increased from high volume centres to 

low volume centres (27.3% to 41.6%), but the absolute number of operations decreased 

(828 to 102) (Table 4-4). 
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Table 4-4: Comparison of specific operations within GA1, GA2, GA3 and GA4 groups 

 

 

In the GA1 group, the percentage of resections performed in the CHI campuses was higher 

(30.8% versus 27.3%), however, the absolute number of resections was lower (327 versus 

828). This difference was statistically significant. (p=0.026). In the GA3 group, the 

percentage as well as absolute numbers were significantly higher in the IRLO campus group 

(p<0.001).  

 

The total number of emergency Hartmann’s procedure was 264, with 73% (n=193) being 

performed in high volume centres. There was no particular trend in proportion of cases 

performed across campus groups (Table 4-4). In GA3, 28.2% (n=33) of cases (of all 

emergency cases) were performed in IRHI (2 campuses), as opposed to 16.8% (n=32) being 

performed in IRLO (14 campuses). This difference was statistically significant ( p=0.018).  

 

The total number of elective ULAR’s and APR’s performed was 701 and 468 cases 

respectively. High volume centres and city hospitals performed 88% and 84% respectively of 

all ULAR’s. Similarly, they also performed 85% and 76% respectively of all APR’s in the state. 

In addition, the percentage (as a percentage of ULAR’s + APR’s) of ULAR’s steadily decreased 

Groups GA1(CSSANZ V CHI) GA2(CHI V IRHI) GA3(IRHI V IRLO) GA4(CLO V IRLO V ORLO) 

campus CSSANZ CHI CHI IRHI IRHI IRLO CLO IRLO ORLO 

Elective Right hemicolectomy- as a % of elective operations  

  % (n) 27.3(828) 30.8(327) 30.8(327) 28.4(136) 28.4(136) 39(358) 41.6(102) 39(358) 36.3(78) 

  p- 
value 

0.026 0.331 0.00 
 

0.502 

Emergency Hartmann’s procedure- as a % of emergency operation  

  % (n) 18.1(111) 19.8(49) 19.8(49) 28.2(33) 28.2(33) 16.8(32) 22.8(26) 16.8(32) 18.6(13) 

  p- 
value 

0.555 0.074 0.018 
 

0.437 

ULAR: APR between campuses (%) 
 
 Ultra-low anterior resection (ULAR) 
 

  % (n) 62.1(445) 62.4(123) 62.4(123) 54.8(51) 54.8(51) 49.5(55) 66.7(20) 49.5(55) 33.3(7) 

Abdominoperineal resection (APR) 

  % (n) 37.9(272) 37.6(74) 37.6(74) 45.2(42) 45.2(42) 50.5(56) 33.3(10) 50.5(56) 66.7(14) 

  p- 
value 

0.0924 0.218 0.451 0.059 
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from high volume centres to low volume centres (62% to 33%), whereas APR’s steadily 

increased (37.9% to 66.7%). There was no statistically significant difference in the ULAR: 

APR ratio in the four groups (Table 4-4).    

 

4.1.6 Short-term outcomes 

 

The short-term outcomes studied were length of stay, mortality, reoperation and discharge 

destination. The aim of this study was to compare short-term outcomes between CSSANZ 

versus non-CSSANZ campus groups, campuses within the 3 ARIA+ groups and high volume 

centres versus low volume centres. 

 

4.1.7 Length of stay 

 

The mean length of stay was 12 days; 11 days for elective resections and 17 days for 

emergency resections. The odds of a longer LOS following an emergency CRC resection were 

1.57 times that of an elective resection. Males and patients with metastasis had a 

significantly longer LOS (Table 4-5).  

 

Right colon and left colon operations had a significantly shorter LOS (OR, 0.751; 95% CI, 

0.703-0.803; p<0.001 and OR, 0.790; 95% CI, 0.734-0.851; p<0.001 respectively) as 

compared to rectal operations. ASA1-3 had a significantly shorter LOS as compared to ASA4-

5 cases. Patients in the age group of 50-75 years were 13% more likely to have a shorter LOS 

as compared to patients >75 years of age.  

 

There was no significant difference in LOS between CSSANZ versus non-CSSANZ campus 

groups, campuses within the 3 ARIA+ groups or in high volume centres versus low volume 

centres. 
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Table 4-5: Regression analysis for length of stay (p-value and odds ratio) 

 

 

4.1.8 Mortality 

 

The overall mortality following a CRC resection was 1.8%. The odds of mortality among 

emergency resections was 3.622 times more likely than elective resections. Males were 77% 

more likely to have a mortality as compared to females. Cases with distant metastasis also 

had a significantly higher mortality rate (OR, 1.909; 95% CI, 0.316-0.868; p=0.012). 

 

ASA 1-3 had a significantly lower mortality in comparison to ASA4-5 (Table 4-6). Patients in 

the 50-75-year age group were 55% less likely to have a mortality when compared to 
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patients >75 years of age. There was no significant difference in mortality between CSSANZ 

versus non-CSSANZ campus groups, campuses within the 3 ARIA+ groups or in high volume 

centres versus low volume centres. 

 

Table 4-6: Regression analysis for mortality (p-value and odds ratio) 

 

 

4.1.9 Reoperation 

 

Reoperations comprised of 1.2% of all cases in the cohort. Male sex was the only significant 

predictor in the model (Table 4-7). Emergency resections and ASA grades did not influence 

the reoperation rate.  
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Table 4-7: Regression analysis for reoperation (p-value and odds ratio) 

 

 

4.1.10 Discharge destination 

 

A total of 83.5% of cases were discharged home. Male sex patients had a higher likelihood 

of being discharged home (Table 4-8). Right colon and left colon resection cases were 17% 

and 30% respectively more likely to be discharged home. ASA1, ASA2 and ASA3 cases were 

84%, 80%, 57% more likely to go home, when compared to ASA4-5 cases. Age <75 was a 

statistically significant predictor of a patient being discharged home when compared to 
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age>75 years. Significant predictors of a patient less likely of being discharged home were 

emergency cases, presence of metastasis and CSSANZ centres.  

 

Table 4-8: Regression analysis for discharge destination other than home (p-value and odds ratio) 

 

 

There was no significant difference in LOS, reoperation, mortality and discharge destination 

between CSSANZ versus non-CSSANZ campus groups, campuses within the 3 ARIA+ groups 

or in high volume centres versus low volume centres. CSSANZ was a statistically significant 

predictor of a patient 1.2 times more likely of being discharged to a place other than home. 
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5.  Results study 3: Ability of ASA PS 

classification to predict short-term outcomes 

after a colorectal cancer resection 

 

The aim of this study was to determine the ability of the ASA PS classification to predict 

short-term outcomes after a colorectal cancer resection, when compared with the ECI. 

 

5.1 Study population 

 

5.1.1 Preliminary cohort identification 

 

Dr Foster GC database identified 4072 eligible cases in the study period. Thirty-two cases 

(0.8%) were subsequently excluded as they did not have an ACHI general anaesthetic code 

recorded. There were 52 cases that could be assigned into more than one anatomical 

tumour location (synchronous tumour). The location in proximity to the rectum was 

deemed as the primary tumour location, provided the appropriate corresponding operation 

was performed (Table 5-1). Each case in the resulting cohort, had a single anatomical 

tumour location and a single colorectal resection coded for the index procedure. 

 

Table 5-1: Cases with synchronous tumours 

 

 

5.1.2 Improving cohort accuracy with algorithms 

 

Algorithms constructed to improve the accuracy of the database were applied to the GC 

dataset. The output dataset was divided into three groups: right colon, left colon and 

Number Synchronous tumour 
location 

Primary tumour location 
(assigned) 

Frequency 

1 Rectum & left colon Rectum 34 

2 Rectum & right colon Rectum 4 

3 Right colon & left colon Left colon 14 
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rectum (Figure 5-1). The algorithms applied identified 3995 accurate combinations. The 

reason for the illogical combinations are enumerated in Table 5-2. 

 

 

Figure 5-1: Cohort identification 
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Table 5-2: Illogical code combinations of type of operation and anatomical tumour location 

 

 

Basic demographic information extracted was age, sex, year of operation, type of admission, 

ASA PS score, lymph node and metastasis status (Table 5-4). Details of ASA PS score are in 

Table 5-3. 

 

5.1.3 Exclusions from cohort 

 

a. Cases with missing ASA PS scores:  

A specific ASA PS score was coded in 85% of cases (n=3392). Six hundred and three cases did 

not have a specific ASA score coded. GA and ASA score is transcribed in the clinical notes by 

the anaesthetist assigned to the case. The reason for an absent score could be due to: an 

error in recording in the clinical notes, error in coding by the data abstractor or loss of data 

in the process of data transfer to the GC database. Table 5-3 gives a percentage division of 

specific ASA scores and absent ASA scores in each of the three categories: right colon, left 

colon and rectum.  

 

Table 5-3: Percentage of specific ASA score and absent ASA score 

 

Number Procedure coded 
(based on name/location) 

Anatomical tumour 
location 

Frequency 

1 Right colon Left colon 34 
2 Right colon Unspecified 2 

3 High anterior resection of 
rectum 

Right colon 4 

4 Rectosigmoidectomy with 
formation of stoma 

Caecum, transverse colon, 
splenic flexure 

4 

5 Low anterior resection Ascending colon 1 

Total   45 

 

Algorithm Volume 

% ASA score 
 

% ASA 
score 

present 

% ASA 
score 

absent 1 2 3 4 5 6 

Left Colon 1341 7.8% 36.2% 34.8% 6.3% 0.1% 0.0% 85% 15% 

Rectum 1078 7.0% 41.2% 34.8% 3.0% 0.0% 0.0% 86% 14% 

Right 
Colon 

1576 5.3% 32.6% 38.6% 7.3% 0.1% 0.0% 84% 16% 
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Table 5-4: Demographics of cohort 

 

 

 

1. Age 
Health service Median age Minimum age Maximum age 

Alfred Health 71 22 99 

Austin Health 69 22 94 

Melbourne Health 69 19 101 

Monash Health 69 15 95 

2. Sex 3. Type of admission 

  
4. Case distribution per year 

 
5.  Lymph node status 6. Metastasis status 

  

sex (%)

Males- 55% females- 45%

admission (%)

elective- 80% emergency- 20%

0
50

100
150
200
250
300
350
400
450
500

2007-
220

2008-
404

2009-
450

2010-
444

2011-
424

2012-
430

2013-
451

2014-
428

2015-
445

2016-
299

cases/ year

cases/ year

Lymph node (%)

positive- 31% negative- 69%

metastasis status (%)

positive- 13.5% negative- 86.5%
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b. Cases with post-operative length of stay of zero days:  

Analysing the length of stay revealed 517 cases that had a post-operative length of stay of 

zero days. These cases had the recorded procedure date the same as that of the date of 

discharge. The reason for a pLOS could be due to an error in coding by the data abstractor 

or loss of data in the process of data transfer to the GC database. Further analysis revealed 

that 27.1% of cases were from the Alfred health service, 20.5% from the Austin health 

service, 11.8% from Melbourne health service and 40.6% from Monash health services. The 

proportion of mortalities in this cohort was <2%. Table 5-5 & 5-6 are sensitivity analysis of 

demographics and short-term outcome variables of patients with a specific ASA score and 

pLOS>0 versus no specific ASA score and/or pLOS=0. 

 

Table 5-5: Sensitivity analysis of basic demographics 

 

 

The average number of Elixhauser comorbidities were significantly higher in the “ASA score 

missing and/or pLOS= 0” group (1.95 vs 1.79, p<0.0023). However, there was no significant 

difference between the remaining basic demographic or short-term outcome variables 

between the two cohorts. It is likely that data linkage and date transfer resulted in loss of 

data. The loss of 28% cases due to a missing ASA score and/or pLOS= 0 is clearly important. 

Eliciting the reason for missing data would require a thorough investigation with the 
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Victorian Agency for Health Information including a review of each case. This was discussed 

and queried with the Dr Foster/ Global Comparator team, but due to the limited resources 

available, it was not pursued further. It would be necessary to investigate this further when 

conducting a similar study in the future.The resultant 1120 cases were excluded from the 

cohort. The final cohort used for short-term outcome analysis consisted of 2875 cases. 

 

Table 5-6: Sensitivity analysis of outcome variables 

 

 

 

5.1.4 Short-term outcomes 

 

pLOS was the primary short-term outcome measure studied. Secondary short-term 

outcome measures studied were in-patient mortality, discharge destination, 30-day 

emergency re-admission, re-operation during the same admission and mechanical 

ventilation. The primary exposure of interest was ASA PS score. 

 

For each outcome, the following models were compared: only Elixhauser, only ASA score, 

both Elixhauser and ASA score (full model). This was adjusted for age, sex, resection 

position, lymph node status, urgent admission and year.  

 

5.1.5 Post-operative length of stay (pLOS) 
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The median pLOS was 5 days. Figure 5-2 is a bar graph of pLOS for the study population with 

the upper quartile at 14 days. For pLOS the regression model with the best fit was the full  

 

 

Figure 5-2: pLOS with upper quartile at 14 days 

 

model (Table 5-7), with a C-statistic of 0.7929, AIC of 2651 and residual deviance of 2625 

(Table 5-7). Adding age, sex, resection position, lymph node status, metastasis status, 

urgent admission and year to the null model significantly improved the model fit. 

Additionally, adding the number of Elixhauser comorbidities scores significantly improved 

the model. Finally, adding the ASA score again significantly improved the model. Likelihood 

ratio tests were carried out. Comparing the Elixhauser model to the full model gave it a p-

value of 0.0008, which meant that adding the ASA score significantly improved the model.  

 

Patients who had an emergency CRC resection had a statistically highly significant longer 

pLOS (odds ratio (OR), 3.65; 95% CI, 2.88-4.62; P<0.001). Rectal cancer resection cases had a 

longer pLOS (OR, 2.03; 95% CI, 1.57-2.61; p<0.001), whereas right colon operation cases had 

a shorter pLOS (OR, 0.77; 95% CI, 0.61-0.97; p<0.05). 

 

Other significant predictors were year of operation (OR, 0.90; 95% CI, 0.87-0.93; p<0.001), 

ECI (OR, 1.63; 95% CI, 1.52-1.75; p<0.001), ASA 3 (OR 1.802;95% CI, 1.12-2.89; p<0.05), 

ASA4-5 (OR, 2.41; 95% CI, 1.36-4.25; p<0.01) and patients age (OR, 1.02; 95% CI,1.009-1.02; 

p<0.001). Sex, presence of metastasis made no difference to the pLOS. 
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Figure 5-3: Forest plot: odds ratio of full model, ASA model and Elixhauser model 

 

Table 5-7: Comparing regression models for best fit 
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5.1.6 In-patient mortality 

 

The total in-patient mortality during the index admission was 2.19%. The regression model 

with the best fit was the full model (Figure 5-4), with a C-statistic of 0.909 indicating a strong 

model, AIC of 456 and residual variance of 430 (Table 5-8). Comparing the Elixhauser model 

to the full model gave it a p-value of 0.0002, which meant that adding the ASA score 

significantly improved the model.  

 

Figure 5-4: Forest plot: odds ratio of full model, ASA model and Elixhauser model 

 

 

 

Patients age (OR, 1.048; 95% CI, 1.018-1.07; p<0.01), an emergency CRCR (OR, 2.58; 95% CI, 

1.41-4.72; p<0.01) and higher ECI (OR, 1.61; 95% CI, 1.39-1.87; p<0.001) were highly 

significant predictors of mortality. Sex, type of resection, metastasis & lymph node status, 

and ASA score made no difference to mortality. 
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Table 5-8: Comparing regression models for best fit 

 

 

5.1.7 Discharge destination 

 

Excluding deaths and patients leaving against medical advice, this cohort consisted of 2809 

patients. The percentage of patients discharged to place other than home was 7.17%.  

 

The full model had the best fit (Table 5-9), with a C-statistic of 0.795, AIC of 1273 and 

residual deviance of 1247. Adding the ASA score in addition to ECI improved the model 

significantly (p=0.0073). Statistically highly significant predictors of discharge to place other 

than home were an emergency CRCR (OR 1.622; 95% CI, 1.13-2.32; p<0.01), rectal resection 

(OR, 1.78; 95% CI, 1.17-2.71; p<0.01), age of the patient (OR, 1.07; 95% CI, 1.05-1.08; 

p<0.001) and ECI (OR, 1.31; 95% CI, 1.20-1.44; p<0.001). An ASA score of 4-5 (OR, 4.80; 95% 

CI, 1.08-21.24; p<0.05) was statistically significant. Presence of lymph node metastasis and 

distant metastasis made no difference to discharge destination (Table 5-9).  
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Table 5-9: Comparing regression models for best fit 

 

 

 

 

Figure 5-5: Forest plot: odds ratio of full model, ASA model, Elixhauser model 
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5.1.8 30-day emergency re-admission 

 

Excluding deaths and restricting dates to leave a 3-month window to allow for readmission 

at the end of the time-period, a total of 2742 patients were eligible for the regression 

analysis. The 30-day emergency re-admission rate was 9.98%. 

 

The full model does not have a significantly better fit than the Elixhauser model (Table 5-

10), with a C-statistic of 0.6148 versus 0.6071, AIC of 1802 versus 1800 and residual 

deviance of 1776 versus 1780. Adding the Elixhauser model to the basic model 

(independent variables without comorbidities) did not improve the model significantly 

(p=0.2612). This was compared by a likelihood ratio test (Table 5-11). 

 

Table 5-10: Comparing regression models for best fit 
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Table 5-11: Likelihood ratio test for goodness of fit 

 

 

Rectal resection (OR, 1.65; 95% CI, 1.19-2.28; p<0.01) and presence of metastasis (OR, 1.76; 

95% CI, 1.25-2.47; p<0.001) were the only statistically significant predictors of readmission. 

The rest of the independent variables did not affect the outcome (Figure 5-6). 

 

 

Figure 5-6: Forest plot: odds ratio of full model, ASA model and Elixhauser model 
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5.1.9 Re-operation during the same admission 

 

The re-operation rate was 1.81%. The full model and Elixhauser model had C-statistics > 0.7 

suggestive of good models (Table 5-12). The residual deviance of the full model was 463 and 

AIC 489. Adding the ASA score to the Elixhauser did not improve the model significantly 

(likelihood ratio, p=0.5319) as seen in Table 5-12. 

 

Table 5-12: Comparing regression models for best fit 

 

 

Table 5-13: Likelihood ratio test for goodness of fit 

 

 

The ECI was the only statistically significant predictor of a re-operation (OR, 1.665; 95% CI, 

1.43-1.93; p<0.001). The regression models as forest plots are in Figure 5-7. 
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Figure 5-7: Forest plot: odds ratio of full model, ASA model and Elixhauser model 

 

5.1.10 Mechanical ventilation 

 

The percentage of cases requiring mechanical ventilation was 3.86%. The full model had the 

best fit (Table 5-19), with a c-statistic of 0.8552 suggesting a strong model, AIC of 751 and 

residual deviance of 725. Adding the ASA score in addition to Elixhauser improved the 

model significantly. A likelihood ratio was performed comparing the Elixhauser model to the 

full model giving a p-value= 0.0003. 

 

The statistically highly significant predictors of mechanical ventilation were year of 

operation (OR, 0.884; 95% CI, 0.81-0.95; p<0.01), lymph node metastasis status (OR. 0.446; 

95% Ci, 0.273-0.729; p<0.01), and ECI (OR, 1.85; 95% CI, 1.64-2.08; p<0.001). There were no 

other obvious significant factors (Table 5-14). 
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Table 5-14: Comparing regression models for best fit 

 

 

 

 

Figure 5-8: Forest plot: odds ratio of full model, ASA model and Elixhauser model 
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The ASA PS score significantly improves the predictive ability of the regression model for the 

primary short-term outcome measure: pLOS. It also significantly improves the short-term 

predictive ability of the full model for in-patient mortality, discharge destination and 

mechanical ventilation when compared to the only Elixhauser model. 
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6.  Discussion 

 

6.1 Accuracy of administrative coding data in colorectal cancer resections 

and short-term outcomes 

 
Administrative data are increasingly being used to explore surgical outcomes in research 

and audit. Clinical interpretation of administrative data requires a clear cohort definition (3). 

Combinations of data fields and algorithms can be used to define more specific cohorts 

(155). 

 

In this study, the accuracy of administrative data for tumour characteristics and short-term 

post-operative outcomes, after a colorectal cancer resection, were compared with clinical 

data. The nine data fields were chosen because they are important determinants of surgical 

treatment and post-operative outcomes and because they were extractable from 

administrative data.  

 

The process of identifying the complete cohort of colorectal cancer patients who had been 

treated at our hospital proved to be more complicated than anticipated.  Our intention had 

been to use Biogrid as a starting point for case finding.  Biogrid is an excellent database of 

clinical material but its case accrual methods, through scrutiny of colorectal surgery unit 

outpatient clinics and unit theatre lists, can miss emergency cases and cases treated by 

other units.  Field et al. in a 2010 study, compared the accuracy of colorectal cancer patient 

identification between the Victorian Cancer Registry (VCR) and the  BioGrid database (156). 

The results were similar to this study, with the Biogrid database missing 91 of 913 cases 

identified by VCR between 2000 and 2005.  

 

In contrast, administrative data only captures inpatient admissions.   Administrative data 

can be over-inclusive in picking up patients who have colorectal cancer in their list of 

diagnoses but are admitted for other reasons.  Such patients may not come to the attention 

of the colorectal surgical service.  Administrative data picked up more cases than Biogrid. 

Algorithms were constructed to identify the most complete cohort. The results indicate that 
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the inclusion of procedural codes in the coding algorithm increases its accuracy and 

precision in identifying the cohort.  This accords with several published studies which have 

compared the use of administrative data and of cancer registries in identifying incident 

cancers.  Studies by Baldi et al. and Quantin et al. found that correct identification of cases 

increased with the inclusion of procedural codes, along with diagnostic codes.   

 

 

There was significant variation in the accuracy of coding of anatomical site and type of 

resection. The overall accuracy of tumour location was 59% and the overall accuracy for 

operation coding was 71%. We hypothesized that algorithms of codes could be used to 

increase accuracy of colorectal cancer coding.  This method was used in a similar study on 

diverticulitis (155). Algorithms were derived from observations regarding the coding errors, 

and from logical combinations of codes according to anatomical and clinical relevance.  

Errors in administrative or clinical databases can have three aetiologies; errors in the 

medical records that were translated into the database, errors of interpretation of medical 

records, and errors of data entry (157).   An important observation from our study was that 

the inaccuracies of anatomical position and operation type often involved only small 

alterations in location (e.g. caecum/ascending colon).  Thus, it was possible to combine 

anatomical sites sharing similar lymphatic drainage and operation type, with the operation 

codes, into groups that were logical from a surgical oncology perspective.  The accuracy of 

the final algorithms combining operation and tumour location codes for right colon, left 

colon and rectal groups were 93%, 89% and 88% respectively.  These grouping also rank the 

sites and surgical procedures from least to most technically difficult. Although these 

groupings lose some of the detail of the data, they allow the initially unpromising accuracy 

figures about tumour location to regain clinical utility.  The accuracy level achieved with this 

is commensurate with the data accuracy level found in several international cancer 

registries including New Zealand’s breast cancer registry, the Geneva cancer registry and the 

national program of cancer registries assessment of SEER summary stage in US colorectal 

cancer registries (158-160). 

 

The accuracy of histology, lymph node status and metastasis status were 89%, 92% and 88% 

respectively. Post-operative outcomes e.g., return to theatre and in-patient mortality had an 
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accuracy of 100%. Another interesting coding discrepancy was the histological coding 

employed where the pathology report stated that there was no residual tumour, such as 

may occur for rectal cancer following neoadjuvant radiotherapy.  There were 23 examples, 

and all were coded as adenocarcinoma or malignant neoplasm.  The reason for this error 

can be explained by the ICD-10AM coding instructions provided to RMH coders, which state 

that where there is no residual tumour in the resected operative specimen, it may be 

necessary to review the prior biopsy pathology report. 

 

For histological type, lymph node status and metastasis status there was good coding 

accuracy without the requirement for algorithms.  Staging is not formally described in 

administrative data but enough information was found in this study to allow tumour staging 

to be approximated. 

 

In-hospital mortality and return to theatre were coded with 100% accuracy without the 

need for coding algorithms. Return to theatre only included subsequent operations that 

related directly to the index procedure; for instance, it did not include an orthopaedic 

procedure for a fractured limb secondary to a post-operative fall during the admission.  

It should be noted that there is no administrative code for an anastomotic leak, but 

classification of anastomotic leak, even from clinical notes, can be problematic.   In a 2013 

study by Reinke et al., the authors evaluated the ability of 2 sources, an administrative 

database and a clinical registry to identify anastomotic leaks (161). Due to a lack of a 

definition for anastomotic leak both the administrative database and clinical registry, logical 

proxies were used. Although the clinical registry had higher sensitivity and specificity for 

anastomotic leak, both databases had low sensitivity. 

 

In coding for post-operative anaemia, coding could not differentiate between pre-existing 

anaemia and anaemia caused by post-operative haemorrhage.  Both these types of anaemia 

are associated with poorer surgical outcomes but this is a limitation (162). The poor 

recording of post-operative wound infection is not surprising, as it may not be well 

documented in clinical notes and may only be noted post-admission. 
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A limitation of this study is that only one tertiary-level hospital, RMH, was used for the 

analysis.  It is possible that coding practices could vary across hospitals, affecting the 

generalisability of these results.  However, Australian coders must adhere to the Australian 

Coding Standards; this adds predictability to their coding of admissions and suggests that 

coding practices are likely to be similar among hospitals.  However, coding behaviour has 

been studied by our group and was found to be consistent across eight tertiary hospitals. 

We examined administrative coding for acute diverticulitis by comparing it with RMH case 

note clinical data.  Algorithms of codes for diverticulitis were created and applied to 8 

tertiary referral hospitals in Victoria.  The diverticular coding showed similar patterns of 

disease and treatment across all hospitals, supporting the concept that coding behaviour 

was consistent across these institutions.  (155).  Furthermore, the sample size of this current 

analysis was large enough to account for common coding errors and practices. 

 

Administrative data do not provide the granular detail that is often included in cancer 

registries.  This limits the types of outcomes that can be studied.  This occurs for two 

reasons.  First, codes do not exist for some important diagnoses, treatments and outcomes.  

There are many examples.  Rectal cancer diagnosis is not divided into upper, middle and 

lower third sites, which is a factor that affects the treatment and prognosis of the disease. 

There are no codes for specific details of chemotherapy and radiotherapy, such as drug 

administered and radiation dosage.  Also, some important colorectal surgical outcomes, 

such as anastomotic leak, do not have assigned codes.  The second reason is that although 

codes exist for some procedures, they are not routinely used.  For example, this study 

showed that codes are not routinely used to specify whether an operative approach was 

open or laparoscopic.  This differentiation may improve with the availability of new codes 

which prescribe open or laparoscopic approach for some applicable operations. 

 

 

This study quantifies the accuracy of administrative data for colorectal cancer resection by 

comparison against clinical notes.  We found that administrative data provide reasonably 

detailed information concerning tumour histology, staging, location, surgical procedure and 

post-operative complications. The coding of administrative data was well correlated with 

clinical notes for return to theatre, in-patient mortality, lymph node status, metastasis 
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status and histology. Tumour location and procedure were coded with variable accuracy 

which was improved to approximately 90% by grouping data using algorithms. These 

algorithms were utilised to identify an accurate cohort of cases for the two subsequent 

studies.  Administrative data is not identical to clinical data but this study reveals a 

reasonable level of accuracy and gives some indication of the potential to utilise this huge 

resource in the study of colorectal cancer. 

 

 

6.2 Study of Colorectal Cancer resections in Victoria using administrative 

data: Patterns of work and short-term outcomes  

 

There has been much debate that major surgery, in particular for cancer patients, should be 

concentrated in tertiary centres, based on the premise that high volume centres achieve 

better outcomes (163-166). In this study, utilising the VAED dataset we studied the 

colorectal cancer resection workload and short-term outcomes variation across the state of 

Victoria. This study investigates two hypothesis: that the majority of complex colorectal 

cancer resections are performed in CSSANZ hospitals and that the short-term outcomes are 

better in these hospitals.  

 

In the first part of this study, we conducted a population-based analysis to examine patterns 

of CRC resection workloads across the state of Victoria. In our study, 73% of CRC resections 

in the state were performed in metropolitan city hospitals. High volume centres accounted 

for 76% of all CRC resections in Victoria.  This reflects the fact that 70% of Australians live in 

large metropolitan cities. The few comparable studies in the medical literature examining 

the patterns of care across a state for CRC, focus mainly on location of surgical care for rural 

patients. In a study by Goldsbury et al., it was reported that rural patients in New South 

Wales who had CRC were less likely to undergo surgery in a specialist cancer centre than 

patients from urban areas. In their study only 11% of rural patients underwent surgery at 

specialist cancer centres (167). Nostedt et al., in a review of the Manitoba cancer registry 

noted that 46.5% of rectal cancers diagnosed in rural areas were treated at high volume 

urban centres (168). Each patient in our study had a unique identifier for identification 



118 
 

across datasets. However, if the patient was transferred to another health facility the 

patient was assigned a different identifier. We thus could not determine if patients were 

transferred or presented to high volume centres or city hospitals for their surgical 

treatment. This will need further exploration. 

 

The elective resection rate of 81.5% and emergency resection rate of 18.5% are comparable 

to previous Australian studies. In a 2016 study by Beckmann et al., studying the short-term 

outcomes after surgical resection for colorectal cancer in South Australia, the elective 

colorectal cancer resection rate was 83.4%(90). Wichmann et al., in a five-year study in Mt 

Gambier, reported an emergency resection rate of 16% (169). In a 2005 study conducted by 

McGrath et al., including all Australian states except Western Australia the elective 

resection rate was as high as 92.6% (170).  

 

While most studies related to this topic focus on post-operative outcomes (90, 169), 

volume-outcome relationships (170) or a discussion on the general urban-rural difference in 

location of operation (167, 168), there were no studies that further subdivided type of 

operation and analysed the groups. High volume centres (including CSSANZ centres), 

performed a lower proportion of elective right colon operations irrespective of geographic 

location, compared with low volume centres. The converse was true for the more complex 

elective rectal operations. However, these results are as expected. Right colon operations 

are a general surgical procedure, while the more complex rectal operations require a unique 

skill set and extensive hospital resources for the management of these patients. In addition 

chemoradiotherapy is not always readily available in regional and rural Australia.  

 

Rates of APR have been considered a possible indicator of overall surgical quality. Compared 

to an ULAR, an APR is relatively less technically challenging and thus a generalist is more 

likely to do an APR in a situation where a specialist may be able to perform a restorative 

resection. APR is generally associated with higher rates of local recurrence and poorer 

survival than restorative rectal resection. The rate of APR and ULAR for all patients with 

rectal cancer in our study was 22% and 33% respectively. Similarly, the rate of APR for all 

rectal cancers in 2005 in a population-based study in Victoria, Australia, was 23·4 % (171). In 
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an English study using 2004 data the rate was 23·0 % (172) and in a Belgian study spanning 

2006-2010 the APR rate was 21.1 % (173).  

 

Jorgensen et al., assessed the APR rate as a surrogate marker of hospital quality in rectal 

cancer surgery. After adjusting for important patient and hospital factors, it was found that 

people living in moderately accessible or remote area were significantly more likely to 

receive an APR than those in highly accessible areas (174). In our study, the ULAR to APR 

ratio was 2:1 for high volume centres and approaching 1:2 for low volume centres. This 

difference could be reflective of patient preference for more radical surgery. The demands 

of travel for postoperative radiotherapy or ileostomy reversal have the potential to affect 

treatment decisions. The remaining variance could possibly be explained by tumour 

characteristics and surgeon-related factors such as specialisation, but this information was 

not available.  

 

This study demonstrates that administrative data is both cost-effective and informative 

despite limitations. This state-wide project has provided a perspective on surgical 

management of CRC management across Victoria.  

 

We compared the short-term outcomes between CSSANZ and non-CSSANZ centres. There 

was no significant difference in LOS, mortality and reoperation rates. To our knowledge this 

is the first study comparing outcomes between CSSANZ and non-CSSANZ hospitals in 

Victoria using administrative data. Previous outcome studies have been individual audits 

(175, 176), hospital-based (175) , health region-based(177) or state-based (90). Beckmann 

et al., documented the short-term outcomes (readmission, morbidity and mortality) 

following a major resection in patients with colorectal cancer in South Australia (SA). It was 

a retrospective study with data compiled through linkage of administrative and surveillance 

datasets across SA. The study sought to identify strategies to improve short-term outcomes 

(90).   Thompson et al., conducted a comparison of hospital-based and individual audits 

following a colorectal resection across a range of hospitals and surgeons in Victoria. It was 

found that the combined short-term outcomes (wound infection rate, anastomotic leak rate 

and mortality), were comparable to previously published data(175). Similarly, Birks et al., 

examined the workload and standards of colorectal surgery in rural Australia. They found 
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that the main clinical indicators of colorectal surgery (mortality, anastomotic leak and 

wound infection) compared favourably with accepted standards and other results published 

from other Australian studies(176). Giovanni concluded that major colorectal surgery can be 

performed safely and effectively also in low-volume hospitals in the presence of a trained 

high-volume surgeon, an effective MDT and an enhanced recovery programme (178). 

 

Length of stay was the primary outcome of interest. It is frequently used as a surrogate 

endpoint indicating the success of excisional colorectal surgery (179). There was no 

difference between the CSSANZ and non-CSSANZ groups. Both these groups had similar 

baseline demographics of age, sex, ASA, type of admission and stage of disease and showed 

evidence of a strong association with most outcome measures. These predictors have been 

consistently reported across other population-based studies of colorectal cancer (180, 181). 

Grocott et al. [29] observed that a shortage of step-down beds can lead to patients 

occupying hospital beds for longer than required, overestimating the LOS. In our study the 

VAED dataset did not have information regarding transfer of patients to a tertiary centre for 

acute care or step-down for non-acute care following a resection. The decision to discharge 

is affected by organizational factors such as stoma self-care ability, family care, weekend 

hospital care and availability of home care in the community.  These factors could affect the 

LOS.  

 

Thirty-day mortality of 1.3% was comparatively low. Similar to the studies of Jorgensen et 

al.(182) (Australia) and Helewa et al. (183) (Canada) we found no regional disparities. 

Beckmann et al., investigating short-term outcomes after a colorectal cancer resection in 

South Australia also estimated a mortality of 1.8%. It was however higher among non-

metropolitan than metropolitan residents. 

 

Recent publications do suggest that outcome after curative resection for colorectal cancer 

reflects the degree of specialization(184). A closer look at the literature reveals that it is the 

single surgeon volume rather than the hospital volume that positively affects short- and 

long-term outcomes of colorectal surgery (185-187). A meta-analysis based on the Cochrane 

Central Register of Controlled Trials (CENTRAL) and the most common databases, 
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demonstrated that operative mortality is significantly lower with high-volume surgeons and 

specialists, but there was no association with higher hospital caseload (185). 

 

A systematic review published in 2007 confirmed that better outcomes after surgery ( 13 

different subspecialties were analysed) are associated with high caseload and specialisation, 

while high hospital volume is of limited benefit (186). A fully trained consultant surgeon 

who can maintain his proficiency by doing a minimum number of colorectal procedures per 

year is the most important factor, and it is thus not surprising that, even in a low-volume 

rural hospital, results can be compared favourably with tertiary centres. Australia’s 

population is widely dispersed. Fly-in fly-out surgical services to rural and regional hospitals 

are commonly provided by high volume specialists. In Victoria, twelve low volume hospitals 

were located in major cities and fourteen in inner regional Australia. A few of these 

hospitals are located within the health service district of tertiary centres and regarded as 

satellite hospitals. Surgical services to these centres may be provided by high volume sub-

specialists attached to the tertiary centre. Data linking hospital location, caseload, training 

and speciality of individual surgeons were not available.  

 

To be designated as a CSSANZ unit, guidelines have been setup by the CSSANZ society and 

CSSANZ status is a reflection of the processes in place in that hospital. Applying for 

accreditation is the prerogative of the unit. It is possible that the five high-volume centres 

have similar processes in place. The 31 low volume centres in the state performed 

somewhere between one and 99 operations over five years. The range and quality of 

speciality services provided to these hospitals could not be ascertained from the data 

available and will need further investigation.  

 

An important component of colorectal cancer surgery is a well-planned colorectal surgery 

programme. Due to shortage of resources and staff, low volume hospitals may not always 

have a comprehensive setup. The need to refer every major colorectal case to the 

multidisciplinary team may not be achievable. Benefits of enhanced recovery protocols in 

colorectal surgery(188-190) as well as those of the laparoscopic approach to colorectal 

diseases (190) are well known and demonstrated. Undertaking laparoscopic surgery in a 
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low-volume hospital is not a problem if adequate funding for instrumentation and staff 

training is provided. 

 

This study relied on administrative data sources, which may contain coding errors in disease 

and procedure codes. Validated algorithms were used to identify an accurate cohort 

matching the location of tumour and appropriate operation. These algorithms were 

validated for coding practices in public hospitals only. A total of 6465 cases performed in 

private centres were excluded from this study. It would be worthwhile to study coding 

practices in private hospitals for future outcome studies. 

 

The division of hospitals into high and low volume centre was based on an arbitrary number 

of 200 resections in 5- years. This was done so that the number of cases performed in high 

volume centres was comparable to the CSSANZ centres. There was no universal definition of 

volume available.  Mroczkowski et al., studying the role of a quality assurance programme in 

colon cancer surgery divided centres into low volume, medium volume and high volume 

centres. The definition of volume limits was set arbitrarily prior to the investigation and was 

based on the number of operations performed in a year: low volume performed <30/year, 

medium volume 30-60 and high volume >60 (191). A systematic review and meta-analysis 

conducted by Huo et al., investigating hospital and surgeon volume/outcome relationships 

in colorectal cancer surgery identified 47 articles. Each study stratified “high” and “low” 

volume groups to different cut-offs (192). Low volume ranged from <5 to <530 resections 

per year and high volume ranged from >11 to >2623 resections per year. 

 

Post-operating short–term outcomes were measured using a general index, which was not 

specific to colorectal surgery, nor indicative of the level of severity of complications. 

Unfortunately, there is no code for anastomotic leak, which is an important clinical indicator 

of post-operative outcomes in colorectal surgery. Also, our study would have been 

improved by having more fine-grained data regarding laparoscopic procedures, ERAS and 

adjuvant treatment.  

 

Despite concerns about quality of administrative data, their usefulness in documenting 

patterns of care and outcomes at a population level has been demonstrated. The 
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population-wide coverage of this study is its major strength, with the inclusion of all eligible 

CRC cases across the state treated in public hospitals.  

 

6.3 Ability of ASA PS classification to predict short-term outcomes after a 

colorectal cancer resection 

 

Using a uniquely available international dataset, the study examined the ability of the ASA 

PS classification coded in administrative data, to predict short-term outcomes after a 

colorectal cancer resection, when compared to the Elixhauser comorbidity index. In this 

study, the ASA PS model was shown to be a strong predictor of the primary outcome: length 

of stay. The Elixhauser model alone was a better predictor than the ASA PS model alone. 

However, the full model adjusted for both the ECI and ASA PS grade was the best predictor 

of outcome. The value of this model may be an increased accuracy of prediction of patients 

at risk for modifiable factors. 

 

Considerable controversy exists regarding the use of ASA PS as a risk-adjustor for surgical 

outcomes (193). Investigators of the ASA PS as a clinical measure have repeatedly noted its 

poor interrater consistency. However, these criticisms of the inconsistency and imprecision 

of the ASA PS classification system appear to conflict with the observations that ASA PS does 

provide useful information between anesthesiologists in the care of their patients (194), and 

there are numerous studies that highlight the effectiveness of ASA PS as a risk adjuster (195-

197). ASA PS as a risk adjustor coincides with the need for a select set of clinical factors to  

add to administrative data sets to improve their risk-adjusting capability (198). Due to its 

predictive power and ubiquity, the ASA PS may present itself as one of these factors. 

 

This is the first time the predictive ability of the ASA PS classification has been compared 

against the ECI. It has previously been validated and compared against the NSQIP risk 

factors (193), Eastern Cooperative Oncology Group/World Health organization Performance 

Status (ECOG/WHO PS)(199) and Charlson comorbidity index (CCI) (200). Davenport et al. 

compared the ASA PS classification against the other NSQIP risk factors from a random 

sample of 5978 surgical patients on six services between October 1, 2001 and September 
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30, 2003 at the University of Kentucky Medical Center. In conclusion while the ASA PS alone 

was a strong predictor of outcomes (P < 0.01), the other NSQIP risk factors were better 

predictors as a group (193). Young et al., studied whether the ASA score could be used as a 

proxy for ECOG/WHO PS in risk adjustment models for predicting extended LOS after 

colorectal cancer surgery. The results showed that adding either ECOG/WHO or ASA to the 

model improved the predictive ability of the model. It was concluded that the ASA score 

could be used as a proxy for ECOG/WHO PS in risk adjustment models predicting cancer 

surgery.  

 

In a study by Mayr et al. comparing ASA score, ECOG/WHO PS, and CCI for risk adjustment 

of 90-day mortality for men with urothelial cancer, both the ASA score and ECOG/WHO PS 

performed better than the CCI (200). While CCI is widely used for risk adjustment, growing 

evidence has found the Elixhauser method to be superior to the Charlson method for risk-

adjustment (201). Lieffers et al., compared the two methods for predicting colorectal cancer 

survival in a research cohort of 574 patients (99). They concluded that adding Charlson 

method to the base model did not change the discriminative power, while addition of the 

Elixhauser method yielded higher discrimination and C-statistics. A study by Quail et al., 

showed similar results (202).  

 

This study focussed on length of stay as the primary outcome measure; a measure recorded 

in all patients. It is frequently used as a surrogate endpoint indicating the success of 

resectional colorectal surgery (179). Both ASA and ECI significantly improved the model fit 

when added to risk adjustment models for LOS. While the ECI was a better model, the 

model fit was further improved by inclusion of both comorbidity indices. The value of this 

model may be an increased accuracy of prediction of patients at risk for modifiable factors, 

triggering a more pro-active approach. 

 

 

For the secondary outcomes of discharge destination, mechanical ventilation and mortality, 

inclusion of ASA independently or in combination with ECI significantly improved the model 

fit, the combination model being the better model. Inclusion of ASA to reoperation and 
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readmission models had no effect on the predictive ability of the model. This could be 

attributed to the low event rates.  

 

This study has a number of limitations. The GC database is based on administrative sources, 

which are subject to errors in accuracy and coding (203). The four metropolitan hospitals in 

this study are comparable. They were included based on the assumption that the coding 

accuracies and patterns would be similar. Algorithms to identify an accurate cohort were 

constructed based on coding patterns in the RMH. These algorithms were validated. 

However, a similar administrative data validation study was not performed on the other 

hospitals included in the study. 

 

The data recorded was not always complete. ASA scores are coded as per the ACHI 

classification for general anaesthesia. In 0.7% (32/4072) of cases there was no code for 

general anaesthesia in the dataset. In a further 15% (603/3995) of cases while general 

anaesthesia was coded, there was no specific ASA score coded. These cases were excluded 

from the final cohort. GA and ASA score is transcribed in the clinical notes by the 

anaesthetist assigned to the case. The reason for this could be due to: an error in recording 

in the clinical notes, error in coding by the data abstractor or loss of data in the process of 

data transfer to the GC database. 

 

Data linkage and data transfer resulted in loss of data or alteration of data. Analysis of the 

data identified 15% (603/3995) of cases with a total LOS of 0 days, despite having had a 

major colorectal resection. We were unable to explain the LOS with the information 

available in the GC dataset. This would need to be further investigated with the Victorian 

Agency for Health Information. The extent to which these types of errors have occurred and 

the degree to which they have introduced bias is difficult to assess given the nature of data 

linkage methodology. 

 

We are able to only identify urgent readmissions to the same hospital. Unfortunately, 

readmissions to a hospital not participating in the GC project are lost. Thus, two consecutive 

emergency admissions are considered as two different admissions if they are at different 

participating hospitals.  
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7.  Conclusion 

 
Clinical colorectal cancer registries (CCCR) are potentially powerful tools in the study of 

cancer and can positively impact on the value, efficiency and resource allocation in the 

management of CRC. However, they are resource intensive, region specific, and 

compromised by reporting bias (1). Hospital administrative data, which are routinely 

collected, are an alternative source of tumour, treatment and outcome data (3, 60). They 

are readily available, cheap and have a broad geographical scope(44). 

 

The accuracy of administrative data has not been fully explored and may vary by data item.  

This study showed that judicious use of administrative data to autopopulate a Victorian 

colorectal cancer database can be achieved.  Coding algorithms were developed after chart 

review of Victorian coding for colorectal cancer. These algorithms were able to identify a 

cohort of incident colorectal cancer patients, which would form the first step in establishing 

a Victorian colorectal cancer database.   

 

The second step involved validating the accuracy of the diagnostic, procedural and 

histological data produced by administrative data.  This step is vital to ensuring that the 

information contained in a database based on administrative data is reliable.  Coding 

algorithms were used to increase the accuracy of the data.  Overall, the accuracy of the data 

obtained using the coding algorithms varied according to the data field.  When codes were 

combined, accuracy increased to above 90% for most fields. This validation is very important 

in light of the criticism of administrative data used in outcomes studies, namely that it is 

inaccurate and lacks clinical detail.  Our study negates this criticism by showing that 

administrative data, if used judiciously, can provide relatively accurate and detailed data for 

use in colorectal cancer outcomes research.  Staging is not formally described in 

administrative data but enough information was found in this study to allow tumour staging 

to be approximated including local lymph node malignancy and distant metastasis. Coding 

algorithms were also constructed to identify accurate cohorts from datasets utilizing ICD-10-

AM codes. 
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The algorithms constructed were applied to the Victorian Admitted Episodes Dataset, to 

generate a Victorian colorectal cancer resection dataset. Utilizing this dataset, we were able 

to examine patterns of CRC resection workloads and short-term outcomes across the state 

of Victoria. The study showed that the majority of rectal cancer resections are being 

performed in metropolitan centres. A significant proportion of right colon operations are 

being performed in regional and rural centres. There was no difference in surgical 

outcomes. The study demonstrated the population wide coverage of administrative data. 

This model of cohort identification and study can be extrapolated to the rest of Australia to 

auto populate a colorectal cancer database. 

 

These algorithms were applied to an international dataset maintained by Dr Foster Global 

Comparators to identify an accurate cohort of CRC resection cases and study the ability of 

the ASA PS classification to predict short-term outcomes. The study indeed showed the 

ability of the ASA PS classification to identify short-term clinical outcomes. 

 

Administrative data is not identical to clinical data but these studies give indication of the 

potential to utilise this huge resource in the study of colorectal cancer. This could form an 

international colorectal cancer registry with validated data with a view to expand to 

international registries and enable large scale comparative outcomes studies among 

countries.  
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