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ABSTRACT 

Despite good evidence that reporting surgical outcomes is of value to patients, clinicians, 

hospitals and funders, it may be difficult for stakeholders to access the outcome data they 

need. The aim of this systematic review was to meet the gap in the published literature, and 

provide a pooled estimate for the 30 day all-cause postoperative mortality for elderly patients 

in highly developed countries undergoing elective colorectal surgery. 

This review considered studies that included patients aged 65 years and over from highly 

developed countries, presenting for elective colorectal surgical resection, reported via 

published and unpublished studies performed between 1998 and 2013. A meta-analysis of 

proportions was undertaken, using a fixed effects model, in order to reduce the likelihood of 

giving undue weight to smaller studies. Twenty four studies were included after assessment. 

The 30 day postoperative mortality rates for all studies ranged from 0.57 to 11.3%. The overall 

pooled mortality rate for all included patients in all studies aged 65 years and over was 5.34% 

(95% Confidence Intervals 5.26-5.41%). Mortality rates generally increased with increasing 

age. There was a noticeable difference between national-level reported mortality rates, and 

those reported from academic centres, and from regional and non-academic centres. In 

studies where a qualitative outcome assessment was reported, all eleven assessments were 

positively framed (as “safe”, “favourable”, or described procedures with a “small” mortality). No 

study referred to “unsafe” or “unfavourable” outcomes. 

The implications of this systematic review for future research regarding outcomes after 

elective colorectal surgery in elderly patients are that more studies are needed, in order to 

answer the following questions: 

1. How can health systems best report adverse outcomes after surgery? 

2. What postoperative outcomes are of greatest importance to patients? 

3. How can qualitative outcomes be incorporated with quantitative outcomes 

(such as mortality/survival) to produce meaningful metrics for patients? 

4. How can appropriate outcome data be best incorporated into patient-level risk 

prediction scores for surgery? 

5. How can outcome data be incorporated into shared decision-making 

processes for surgery, and how can patient risk- tolerance be assessed? 
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“Where is the wisdom we have lost in knowledge? 
Where is the knowledge we have lost in information?” 

T.S.Eliot, from The Rock: 1934 

 

Chapter 1: Forward 

The World Health Organization (WHO)1 and the Institute of Medicine (IOM)2 have defined the 

quality of healthcare in terms of six variables: 

 Safety 

 Effectiveness 

 Patient-centeredness 

 Equity 

 Accessibility, and 

 Efficiency 

The quality of surgical care may be assessed by structural, process or outcome measures.3 

Thirty day postoperative mortality is a valid and widely used outcome measure, 4, 5 reflecting 

procedural safety. Public reporting of surgical outcome measures tends to lead to 

improvement in outcomes, and hence safety.6 Surgical outcome reporting is likely to enhance 

patient-centeredness of healthcare systems by providing the information patients and 

clinicians need to support shared decision-making for surgery.7,8 Outcome reporting may also 

increase the equity9 and efficiency10 of healthcare institutions and systems, by enabling the 

identification and support of institutions with “poor track records”.11  

Despite good evidence that reporting surgical outcomes is of value to patients, clinicians, 

hospitals and funders, it may be difficult for stakeholders to access the outcome data they 

need. Only one developed nation (New Zealand) currently collects and publically reports 

postoperative mortality data for an entire system of care.12 In the United Kingdom (UK), 

particularly since the Bristol Royal Infirmary inquiry into paediatric cardiac surgery deaths, 

there has been an increase in public access to surgical mortality data, most recently via the 

My Hospital Guide and “Dr Foster Intelligence”.13 This website was set up in order “to 

empower patients and improve transparency in healthcare”. In the United States (US), the 

National Surgical Quality Improvement Program (NSQIP) provides feedback to individual 

participating hospitals regarding their standardised postoperative mortality rates for selected 

procedures, but the data is not publically available.4 The Australian and New Zealand Audit of 

Surgical Mortality (ANZASM) is a voluntary audit which is primarily an educational tool for 

participating surgeons.14 The outcome data from the ANZASM audit is thus unavailable in 

detail to policy makers, healthcare funders, hospitals, clinicians other than surgeons, patients 

and their carers. 

Colorectal surgery is surgery undertaken on the large intestine, including the right (ascending) 

colon, the transverse colon, the left (descending) colon (including the sigmoid colon) and the 

rectum. Colorectal surgery can be carried out as a planned, non-urgent (“elective”) procedure, 

or as an immediate life-saving procedure (“emergency”). In the published data, 30 day all-
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cause postoperative mortality is often aggregated for those patients undergoing emergency 

and elective surgery, and for heterogeneous patient groups (with respect to age, intercurrent 

medical conditions, and disease indication for surgery). Consequently it may be difficult to 

predict outcomes for planned surgery, as distinct from emergency life-saving surgery, or for 

surgery performed on older patients compared with that performed on younger patients. 

Where available, large population reports for pooled age groups from the United States,15 

New Zealand,12 England16 and Denmark17 demonstrate 30 day postoperative mortality after 

elective colorectal surgery of between 1.9% and 6.2%, and a positive correlation between 

increasing age and postoperative mortality in all of these studies. The precise mortality risk for 

elective colorectal surgery in older patients remains poorly defined. 

The aim of this systematic review was to find the best available research evidence and 

provide a pooled estimate for 30 day all-cause postoperative mortality for elderly patients in 

highly developed countries undergoing elective colorectal surgery. By restricting the study to 

highly developed countries, variation in outcome between countries due to healthcare system 

factors which are resource-sensitive (particularly technology, workforce and training factors) 

could be minimised.  Providing this estimate of postoperative mortality after elective colorectal 

surgery in elderly patients is likely to enhance decision-making from many perspectives, 

including: 

Public policy makers 

 As populations age, there will be an increase in the burden of colorectal cancers.18 Many 

countries, including Australia, have instituted national bowel cancer screening programmes,19 

to target the increasing rates of colorectal cancer. Such programmes are effective at saving 

lives, as cancer or pre-cancerous lesions detected through screening can be treated with 

elective surgery.20 As these screening programmes are extended to older patients, it is 

important to know all outcomes from all interventions (including surgery) which result from 

screening.21 

Healthcare funders 

 In most developed nations, surgery accounts for a considerable proportion of the healthcare 

budget. Currently, in developed nations (with the exception of New Zealand) there is no 

routine country- or system-wide collection of post-surgical outcomes, such as postoperative 

mortality. Thus there is very little information available to assess the value of this spending, 

and to inform prioritisation and funding decisions for surgical services. 

Hospitals and clinicians 

There has been much debate in the United Kingdom about national and regional variations in 

surgical outcomes, and the necessity to more closely align patient need (based on risk of poor 

postoperative outcome) with appropriate postoperative resources.22 Outcome data is 

influenced by patient, surgical and institutional factors, and these must be acknowledged 

when attempting to pool or compare results from different centres or countries. Although it is 

recognised that such risk adjustment can be challenging, more transparent outcome data, 

such as the results of this systematic review, may be useful for benchmarking (of hospital 
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networks, units and departments, and/or individual clinicians), for quality improvement 

purposes, and also for hospital level resourcing and prioritisation decisions. 

Patients and carers 

Availability of 30 day all-cause postoperative mortality data is likely to be of significant interest 

to patients and their families, particularly when making decisions regarding elective surgery. 

Decision-making under conditions of uncertainty, especially when considering the risks and 

benefits of the proposed treatment, requires complex trade-offs. For truly informed consent, 

the potential range of outcomes should be individualised as much as possible. Increasingly, 

risk prediction scores are used for this purpose. The background to these risk prediction 

scores is described as useful “....as surgical culture moves more towards outcome measures 

and providing the patient (as the end user of the service) with as much information as possible 

to make fully informed consent”.23 However, creation of valid risk prediction scores first 

requires the availability of relevant population-wide prevalence data informing outcomes. 

Older patients 

Most of the published data clearly demonstrates an increase in adverse outcomes, including 

mortality, from all elective surgery with advancing patient age. 4,12,24,25 With an ageing 

population, and with improved anesthesia-related safety, 26 patients are increasingly referred 

for surgery that was unavailable to previous generations of older citizens. Pooled age 

estimates for surgical survival may present an unrealistic risk assessment for older patients. 

Colorectal surgery is increasingly offered to, and performed for older patients. This systematic 

review aimed to provide an estimate of 30 day all-cause postoperative mortality, which is 

currently neither widely collected nor reported for the population of interest (older patients 

having elective colorectal surgical resection). Worldwide, it is expected that the funds 

allocated to elective surgery will be aligned with postoperative outcomes (and incorporate 

mortality as an outcome of interest), in order to demonstrate value for money.27 Currently, 

surgical outcome data may be available to individual surgeons (for their own quality assurance 

purposes), but in Australia, as for many other developed nations, this data is not made widely 

available to clinicians (other than surgeons), hospitals, healthcare funders, nor to patients. The 

results presented in the systematic review which follows improve the availability of information 

to support individuals and institutions to arrive at more informed healthcare decisions. 
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Chapter 2: Introduction-Colorectal Surgery: Structure, Process and 
Outcome  

This chapter includes an outline of quality metrics used for colorectal surgery, and the tension 

between quality measures for individual surgeons, versus teams responsible for surgical care 

for patients. Reasons for differences in outcome measures between countries and between 

institutions are discussed.  

Colorectal surgery has been acknowledged as a subset of surgery with a relatively high 

mortality rate.22, 28 Public reporting has not occurred in Australia for outcomes of colorectal 

surgery.  Review of the relevant medical literature for colorectal surgery outcomes reveals that 

explicit postoperative mortality rates are often difficult to identify and/or interpret, as data may 

be presented as relative risk or odds ratio (compared with a reference group). Despite the 

knowledge that elderly patients as a group tend to be sicker than younger patients, there is 

good evidence that age alone is a prognostic factor for postoperative mortality.22,24,28-31 In 

2009, Bentrem et al32 analysed US data from the National Surgical Quality Improvement 

Project (NSQIP) which included 17 268 patients from 121 hospitals undergoing colorectal 

surgery. These authors concluded that despite the higher levels of comorbidity found in elderly 

patients, mortality rates after colorectal surgery were independently associated with increased 

age, and that risks of cardiac, pulmonary and renal complications were also elevated in elderly 

patients. 

Historically, surgery has been portrayed as an individual effort, and surgeons have self-

selected as the “archetypal hero” (p990).33 More recently however, surgery has been 

considered a structured, multi-disciplinary process.  For colorectal surgery, the contributions of 

numerous team members are required for optimal patient outcomes.34 Almoudaris35 has 

acknowledged the importance of shared outcome measures for hospital-based clinicians and 

teams caring for patients having colorectal surgery. There is considerable debate about the 

most appropriate outcome measures to use. One outcome measure which is increasingly 

recommended as an international standard is 30 day postoperative mortality.36 Other early 

postoperative mortality adverse outcome metrics include 60day and 90 day postoperative 

mortality, however these are less commonly measured and reported than 30 day 

postoperative mortality. In New Zealand, the public reporting of 30 day postoperative mortality 

occurs by procedure, and for an entire system of care.12 For Australia, public reporting of 30 

day postoperative mortality has been a feature in Victoria since 2002 for cardiac surgery in 

public hospitals, 37 and has recently commenced in New South Wales (Australia) 38 for 

fractured neck of femur.  

Published reports considering postoperative outcomes after colorectal surgery have often 

included heterogeneous patient groups with regard to age, reasons for surgery and 

comorbidities. Most reports often fail to distinguish between elective and emergency surgery 

outcomes. The postoperative mortality rate for emergency colorectal surgery has long been 

acknowledged as significantly higher than for elective (planned) surgery.39-41 Most of the data 

informing postoperative mortality for colorectal surgery comes from patients having surgery for 

cancer. One large systematic review42 published in 2000 considered postoperative 
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complications (including mortality) for elderly patients presenting for colorectal cancer surgery. 

This review demonstrated increases in postoperative morbidity and mortality with increasing 

age. However, the studies included in the review were for patients having both emergency and 

elective surgery, and the review reported mortality rates for elderly patients (aged over 65 

years, combined emergency and elective surgery) as a proportion of mortality occurring in the 

reference group (patients under 65 years). For pooled elective and emergency surgery, and 

for the group of “young old” (patients aged between 65-74 years), compared with patients 

younger than 65 years, this review demonstrated a relative mortality risk of 1.8. Absolute 

mortality rates confined to elderly patients only having elective colorectal surgery were not 

explicitly reported in this review. 

Long term outcomes of colorectal surgery (but not usually short term survival, reflected by 30 

day postoperative mortality) may be affected by cancer stage and grade.43 Apart from 

malignant tumours, indications for colorectal resection can also include benign neoplasms 

(non-cancerous growths), diverticular disease (a non-cancerous bowel condition which can 

result in ‘diverticulae’ or pouches of bowel, which may rupture, or become infected), ischaemic 

bowel disease (where there is inadequate blood flow to the bowel), volvulus (twisting of the 

bowel), and other reasons. Site of resection may affect short term mortality (left versus right 

colon, or rectum).44 There are many other factors which can potentially influence postoperative 

mortality for colorectal surgery. These factors include the presence of comorbid medical 

conditions,29 the management of postoperative complications45 and the institution providing 

care.6 Higher blood transfusion rates are independently associated with increased 30 day 

mortality after non-cardiac surgery,46-48 and transfusion triggers or practices may vary between 

institutions. 

There have been numerous innovations and improvements in the management of patients 

presenting for colorectal surgery in recent years. Survival improvements for patients with 

rectal cancer have been attributed to the role of the multidisciplinary team, 34 allowing timely 

referral for appropriate multimodal therapy. Since the 1990s, particularly for rectal cancer 

surgery, the increasing concentration of specialised surgery in high-volume centres, 

performance of surgery by specialised colorectal surgeons49 and the more widespread 

application of evidence-based guidelines50 have resulted in improved long term survival. In the 

Netherlands, improved referral for chemotherapy for patients treated for colon cancer in 

University hospitals has been attributed to the availability of multidisciplinary team care.51 

Enhanced recovery (“fast track”) programmes for patients having colorectal surgery have 

become increasingly popular since the 1990s. In a meta-analysis of randomized controlled 

trials, Zhuang52 found that although enhanced recovery programmes (compared with 

traditional care) are associated with reduced length of hospital stay and reduced total 

complication rates after elective colorectal surgery, there was no demonstrated reduction in 30 

day postoperative mortality. However most of these studies pertain to population-based 

patient groups (all ages), and do not specifically address outcomes for elderly patients. 

Technical aspects of surgery have also been shown to affect outcomes after colorectal 

surgery. One example is the performance of total mesorectal excision (TME) for rectal cancer, 

originally described by Heald53 in 1986, and subsequently adopted as a standard of care, due 
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to reduction in local cancer recurrence rates and improvements in long term outcomes. 

However, the benefit of TME for elderly patients, particularly on short term postoperative 

mortality, has not been demonstrated.54 The use of laparoscopic (“minimally invasive”) surgical 

techniques have also increased in popularity since the 1990s; however although some smaller 

studies have suggested a reduction in early postoperative mortality rates, in a systematic 

review of laparoscopic compared with open colorectal surgery in elderly patients, Grailey55 

found no reduction in postoperative mortality. In an earlier review investigating the short term 

benefits of laparoscopic surgery for colorectal resection, Schwenk et al56 found no benefit of 

laparoscopic surgery in reducing early postoperative mortality, but noted that of 25 studies 

included in the review, only six reported postoperative deaths.  Other authors have reported 

the benefits of the combined effect of laparoscopic surgery and enhanced recovery 

programmes, 57 but none have demonstrated any effect on short term mortality after surgery. 

No reduction in postoperative mortality has been demonstrated for the use of any particular 

energy source instruments in laparoscopic colectomy,58 nor for innovations such as robotic 

surgery.59 Other advances which may lead to improvement in some patient outcomes include 

the use of metallic stents for obstructing colorectal lesions, which may reduce the requirement 

for urgent colorectal surgery.60 The evidence for the techniques described in relation to 

postoperative mortality is limited, however for most of the described techniques the outcomes 

for elderly patients have not been specifically determined. 

In summary, there is a large degree of clinical heterogeneity in reviews which examine 

postoperative mortality after colorectal surgery, and for most of the evidence, mortality rates 

for elderly patients, and for elderly patients presenting for elective surgery, are difficult to 

identify. There are also other sources of heterogeneity, particularly related to differences in 

mortality rates reported between institutions, and between countries.  

North American authors including Finlayson61 have commented on the significant discrepancy 

between population-based postoperative mortality (including the postoperative mortality for 

colorectal surgery in elderly patients), and the published mortality rates reported from single 

institutions. Reasons for this discrepancy have been suggested as selection bias (single 

centres who publish results tend only to operate on lower risk patients, particularly if results 

are from clinical trials, which tend to exclude higher risk patients), performance discrepancy 

(the possibility that academic centres, in particular, may have better postoperative survival 

rates than other centres) or publication bias (reduced likelihood of publishing results with 

higher than perceived average mortality rates). In one large series examining outcomes for 

colorectal surgery in the United Kingdom (UK), Faiz et al,62 in a survey of English hospital 

results, noted that between individual hospital groups (trusts), adjusted mortality rates after 

elective colorectal surgery in elderly patients was from between 0 and 14.5%. The reasons 

proposed by these authors include potentially different availability and utilisation of risk 

stratification, geriatric services and intensive care between institutions. Further, Faiz 

emphasises the need to monitor institutional outcomes in order to identify units with 

“consistently poor track records of treating high risk patient groups such as the elderly” (p784). 

Morris et al from the UK16 also identified a number of trusts where 30 day postoperative 

mortality after colorectal surgery consistently laid outside statistically predetermined limits over 
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the time period 1998-2006 (indicating outlying postoperative mortality). All these institutions 

were district general hospitals, rather than academic or tertiary referral institutions. Mathews63 

has pointed out that evidence from smaller institutions, particularly from tertiary and 

quaternary specialised referral centres, has often been used to advocate for “major operations 

in elderly patients”, but that such “highly favourable” reports should be interpreted with caution 

because of the probable presence of publication bias, and the uncertainty of extrapolating 

such results to less experienced centres and surgeons. 

Notwithstanding the variability between results from national studies, and those from some 

individual centres, several authors have commented on the apparent differences in outcomes 

after colorectal surgery between the UK and other countries.16,64 Different outcomes may be 

explained by differences between healthcare systems (potentially reflecting different levels of 

service provision, or unmet need), different patient risk profiles, or differences in structures of 

care, especially related to postoperative high dependency and intensive care. Most series 

report higher levels of postoperative mortality after colorectal (and other) surgery in the UK 

than in the USA or elsewhere in Europe. 

Other factors which may influence the outcomes after colorectal surgery between institutions 

are the effects of caseload and specialisation. Archampong65 in a comprehensive systematic 

review confirmed the association between high surgeon and high hospital caseload (in 

unadjusted studies) and improved postoperative outcome, for all colorectal, colon and rectal 

cancer patients. Cohen66 has acknowledged the influence of hospitals on surgical outcomes, 

and recommended that surgeons use their hospital-specific mortality risk in discussion with 

patients, potentially to adjust patients’ individual probability risk of postoperative mortality. In a 

large study of over 22,000 patients, Billingsley67 noted the association with high surgeon and 

hospital caseload, and reduced postoperative mortality after surgery for colon cancer, and 

concluded that the effect was largely due to improved systems of care in high caseload 

hospitals which produced better outcomes. Conversely, Oliphant49 analysed the results for 

patients in the west of Scotland having surgery for colorectal cancer, and observed that 

between 1992 and 2004 an increase in postoperative deaths occurred in those patients 

receiving care from non-specialist surgeons. His conclusion was that increasing surgical 

subspecialisation was a significant factor in improved patient outcomes, but was unable to 

specify which features of specialist care were responsible for the improvement. Jestin et al,68 

in a survey of general (university) hospitals and district hospitals in Sweden, have suggested 

that variability in clinical guideline compliance for the care of patients having elective surgery 

for colorectal cancer may be explained by differences in hospital structure.  

Given the improvements in care described previously, for patients having colorectal surgery 

over recent years, it is expected that there will have been improvements in outcomes, as 

reflected by reductions in 30 day postoperative mortality. In general, this hypothesis is 

supported by the available outcome data for large series in the UK and Europe.16,17,62,69 Jafari 

et al70 most recently demonstrated that in the USA, over the period 2001-2010, in-hospital 

mortality rates for patients having resections for colorectal cancer have improved, with 

particular improvements in outcome for elderly patients. This study was a retrospective review, 

derived from the USA National Inpatient Sample, and presented mortality rates for combined 
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elective and emergency surgery. Identifiable outcome data showing mortality rates for older 

patients having elective colorectal surgery is not available in this review. However, it confirmed 

persistently higher postoperative morbidity and mortality rates for elderly patients, and also 

confirmed the paucity of available data regarding “national surgical trends and specific rates of 

mortality” in the elderly population. 

Like other highly developed nations, Australia’s population is ageing, and the number of older 

people is projected to increase sharply. Under one projection, the number of people in 

Australia aged between 65 and 84 years will grow from 2.4 million (in 2007) to 4 million (in 

2022), and to 6.4 million by 2056.71 We know also that approximately 50% of all cancers and 

70% of cancer deaths occur in older people.72 Most colorectal surgery in highly developed 

nations is performed for cancer. However, despite the current and likely increasing burden of 

elderly patients presenting for colorectal resection, it is difficult to access data from large 

series, or systems of care, which reflect outcomes (including mortality) for elderly patients 

after colorectal surgery. Much of the outcome data comes from smaller series, from individual 

institutions, and largely from younger patients who tend to be over-represented in clinical 

trials.73 For Australia, as for other highly developed nations, a contemporary estimate of 

postoperative mortality for colorectal surgery is lacking. In order to better understand the 

spending requirements, and to enable planning and prioritisation decisions, good 

understanding of postoperative mortality rates is essential. This information is also required for 

developing countries, as the burden of surgery increases. Weiser et al74 have identified 

surgical safety as a priority for developing nations, and a “substantial global health concern”. 

Postoperative mortality rates reflect the overall safety of a surgical procedure. For colorectal 

surgery, better data informing the postoperative mortality for elderly patients undergoing 

elective colorectal surgery will potentially impact pre-, intra- and postoperative clinical 

decision-making. The data is also required to inform system-level and policy decisions which 

may impact public policy (such as funding of colorectal screening programmes) and 

organisational decisions around hospital planning and networking of cancer and/or surgical 

services.  

Having discussed the variation in colorectal surgery postoperative outcome measures, in the 

following chapter, the collection of data in a systematic review is discussed, in order to answer 

clinical questions such as the prevalence of postoperative adverse outcomes. 
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Chapter 3: Data and Evidence Synthesis  

In this chapter, the process of data collection and analysis via the systematic review process 

is discussed. Healthcare professionals are likely to be confronted with large amounts of 

published information, and often discover apparently conflicting results for a variety of clinical 

problems. Hence it is necessary to identify the best ways to integrate large volumes of 

information, in order to answer the questions which arise in modern healthcare. The questions 

are many and varied- the simplest questions may be about the best way to diagnose a 

problem, or the best medication to treat a clinical condition. More complex questions may 

concern the best way to organise processes or systems of care, or how to organise funding to 

achieve the best health outcomes for a population.  

A systematic review is a transparent process of data collection and analysis, which aims to 

answer a pre-determined question. Of importance, the question is specific, and the data which 

is used in the review meets pre-determined eligibility criteria. The Cochrane Collaboration is 

arguably the most easily recognised international organisation which conducts systematic 

reviews of randomised controlled trials of healthcare interventions. The Cochrane 

Collaboration75 in its on-line reviewer’s handbook defines the systematic review as 

characterised by:  

 a clearly stated set of objectives with pre-defined eligibility criteria for studies 

 an explicit, reproducible methodology 

 a systematic search that attempts to identify all studies that would meet the 

eligibility criteria 

 an assessment of the validity of the findings of the included studies, for 

example through the assessment of risk of bias, and 

 a systematic presentation, and synthesis, of the characteristics and findings 

of the included studies. 

The Joanna Briggs Institute promotes evidence-based healthcare as an iterative process, and 

encourages evidence synthesis via the systematic review.76 The Joanna Briggs approach 

encourages (where appropriate) the inclusion of more diverse forms of evidence, as well as 

the results of randomised controlled trials. This approach allows for the inclusion of qualitative 

evidence, the findings of economic analyses, expert opinion and textual analyses. The subject 

of the systematic review presented in this thesis is purely quantitative. Therefore the structure 

of the systematic review is best assessed against the criteria described by the Cochrane 

Collaboration. 

The evidence collated during systematic reviews can, on occasion, be aggregated via a meta-

analysis. The process of meta-analysis therefore aims to improve the precision and accuracy 

of estimates, and increase the generalisability of results from single trials or studies. 

Most researchers attribute the term “meta-analysis” to Gene Glass from the University of 

Colorado. Glass described meta-analysis as “the statistical analysis of a large collection of 

analysis results from individual studies, for the purpose of integrating the findings”(p3).77  An 

educational researcher, Glass framed this recommendation as a moral necessity, as the 
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volume of educational research was large and increasing, and there was a pressing need to 

extract useful knowledge from the “abundance of information” available, rather than spend 

resources “adding a new experiment or survey to the pile” (p4). This same issue of information 

abundance has been apparent to health and medical researchers, and the same imperative 

prevails- to distil knowledge from information. Further, as Glass emphasises, this imperative 

“is particularly true of those questions that are more properly referred to as outcome 

evaluation than analytic research” (p3).  The systematic review described in the following 

chapters addresses the evaluation of the frequency of an adverse outcome (death) for older 

patients undergoing elective colorectal surgery. The challenge is to find the relevant 

information, and to distil knowledge from the available information.  

Originally, the technique of meta-analysis in health research was taken to mean the analysis 

of quantitative results, by mathematically combining data from similar trials.78 Typically, more 

sophisticated meta-analysis involved identification of common causes and associations, and 

via meta-regression, and used the combined data from individual trials to strengthen the 

evidence for causation or association with greater precision than was possible from individual 

studies alone. More recently, the field of evidence synthesis has been expanded to include 

“the amalgamation of both qualitative and quantitative data sources”, and also to include 

techniques to identify and incorporate heterogeneous data, and to quantify the degree of 

uncertainty which results from the synthesis and therefore underpinning any conclusions 

(p11).79The underlying philosophy of evidence synthesis is that combining results from many 

sources can produce more powerful (and less uncertain) conclusions. The science of 

evidence synthesis has developed in order to address heterogeneity between clinical trial 

populations, and more recently to address and manage disparate data sources (chiefly 

quantitative and qualitative). Athanasiou and Darzi79 refer to integrative synthesis and 

interpretative synthesis, and the distinction between knowledge support and decision support. 

Integrative synthesis usually implies the process of combining variable data in order to 

produce meaningful conclusions and recommendations. This process has traditionally been 

applied to quantitative data. Interpretive synthesis is more commonly applied to qualitative 

data, and involves defining an underpinning theoretical construct.  The systematic review 

described in the following chapters will involve both integrative synthesis (of quantitative data) 

and some descriptive synthesis. The aim of the systematic review described here is to more 

closely define one outcome (thirty day postoperative mortality) which will assist knowledge 

support and decision support for patients, clinicians and policy makers who are involved in the 

field of elective colorectal surgery for elderly patients. 

The principal challenges in the processes of meta-analysis and of evidence synthesis have 

been identified as  

 Ensuring a systematic and complete search, including identification of 

publication bias 

 Identifying and managing bias and heterogeneity of data, and 

 Minimising and expressing uncertainty. 

In the rest of this chapter, these challenges will be discussed in further detail. In the following 
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chapter the methodology used in this systematic review will be described, and more 

specifically, how these challenges have been managed.  

Having clearly defined the research question, an essential part of high quality systematic 

review process is to outline the protocol for the review. The aim of a pre-determined protocol 

is to reduce bias in the search process. The following elements of the search process should 

be pre-defined as part of a published protocol. Any deviation from the published protocol 

should be declared and explained in the final published review. 

Systematic searching 

Having pre-defined the search question, the next decision to be made by the systematic 

reviewers is which databases are to be searched, and subsequently, whether there are other 

repositories of relevant information apart from large and well-known databases. The Cochrane 

Collaboration recommends at a minimum to search CENTRAL (The Cochrane Central 

Register of Controlled Trials), MEDLINE and EMBASE as the three most important 

bibliographic databases.75 However the Cochrane Collaboration (formed in the 1990s) tends 

to concentrate on the systematic review of randomised controlled trials, and has not to date 

been heavily involved in the review or incorporation of other forms of evidence. The Joanna 

Briggs Institute (JBI) model of evidence-based healthcare advocates for the incorporation of a 

more pluralist evidence base. In Section 1 of their treatise, Pearson et al80 argue that an 

inclusive approach to evidence synthesis should allow for the inclusion of evidence arising 

from “quantitative research, qualitative research, opinion and discourse, and economic 

analysis” (p10). Further, Pearson et al acknowledge (p30) that in order for clinical wisdom to 

be appropriately informed by evidence, the “feasibility, appropriateness and meaningfulness” 

of practices and interventions must be considered, along with their effectiveness (the “FAME” 

scale). Feasibility refers to the practicality, or workability of solutions in the “real world” of 

clinical practice. Appropriateness takes into account the context of the evidence base, and for 

the particular patient or group of patients under consideration. Meaningfulness also provides a 

contextual nuance, and accounts for cultural and linguistic diversity between and within patient 

populations. Hence simply relying on effectiveness data to inform a systematic review 

question may not produce an evidence base which is suitable for all patients or patient groups. 

Incorporation of disparate, non-traditional evidence often requires searching databases, and 

via search engines, which are not traditionally considered “academic” (e.g. Google scholar, 

the OpenSIGLE repository, government reports, newsletters, academic theses etc). 

At a minimum, a two-step search process is recommended.81 Generally, the first phase 

involves a limited “first pass” review of the literature using identified key words typically in a 

very large database (such as PubMed). The results of this first phase search will allow for 

refinement of search terms, identification of synonyms, and general feasibility of the search 

process. The second phase of the search process involves the identified databases. A third 

phase may involve hand searching of references of relevant articles (so-called “pearling”), and 

contacting relevant organisations or experts to seek out additional data. In a review of 

systematic reviews of laparoscopic and open colorectal surgery, Martel et al82 found that 

selective referencing, incomplete searching and failure to identify relevant trials were 
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significant problems. 

Searches can be limited by specifying the type of article to be included (e.g. restricting the 

search to include only randomised controlled clinical trials), the ages of the patients to be 

included, or the dates of publication. The traditional dichotomy in performing the search is a 

“trade-off” between sensitivity and specificity- that is, ensuring a complete search risks 

resulting in a large number of irrelevant results, but any curtailment of the search by 

attempting to reduce irrelevant papers risks missing important data. The ideal search process 

maximises the “signal” and minimises the “noise”. 

Publication bias 

Publication bias refers to the likelihood that results of objective clinical trials are less likely to 

be published if the results are statistically non-significant,83 or if the results do not conform to 

the perceived interests of sponsors or funders.84 Time lag bias is a form of publication bias, 

and refers to the delay in publication of studies with negative results. English language bias is 

another form of publication bias, with Egger’s findings85 supporting the hypothesis that 

negative findings may be published in the language of origin, whereas positive findings are 

more likely to be published in English. 

The systematic review presented in the following pages is unique in that it does not attempt to 

compare the results from different surgical approaches, nor does it look to compare outcomes 

from surgery to outcomes from other, non-surgical interventions. Instead, there is an attempt 

to quantify and integrate the evidence of harm (death at 30 days postoperatively) resulting 

from a commonly performed surgical intervention (elective colorectal surgical resection, in a 

sub group of elderly patients, in highly developed nations). Athanasiou and Darzi79 state that 

the “outcomes of a surgical procedure principally depend on the level of experience of a 

clinician” (p56). This statement conflicts with the opinions of other authors.  Almoudaris35 

refers to the importance of perioperative care processes impacting postoperative mortality 

rates in patients having colorectal surgery. Obias34 discusses the important role of the 

multidisciplinary team in the management of patients with rectal cancer. In a large North 

American study, Ghaferi45 has demonstrated for vascular and general surgery (not including 

colorectal surgery) that the outcomes of individual patients appear to be related to the ability of 

the hospital to rescue the patient from postoperative complications (rather than the frequency 

of complications per se). Notwithstanding these disagreements about the relative importance 

of differences in outcomes due to the skills of clinicians, or the role of teams and of hospitals, 

Athanasiou and Darzi79 (both surgeons) confirm that surgeons or centres with poorer 

outcomes are less likely to report or publish their results.  

Data bias and quality assessment 

For many systematic reviews which compare the effects of different treatments, bias relating 

to the data in included trials can be challenging. However, the systematic review which follows 

does not compare different forms of treatment; hence common sources of bias (detection bias, 

performance bias, attrition bias) are not considered relevant or important here. Publication 

bias has been discussed. Selection bias (as it applies to this systematic review) will be 
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considered under comments on heterogeneity. The remaining main sources of bias which may 

be problematic here are forms of reporting bias, including citation bias and duplication bias.79 

Citation bias refers to selectivity in quoting research in published reports, and can introduce 

bias into systematic reviews as the final phase of literature searching often includes (as here) 

a hand search of quoted articles or “pearling” from primary search results. Duplication bias 

refers to the repeated inclusion of individual trials, if they are reported in disparate journal 

articles (or other publications). The next chapter will describe how these forms of bias have 

been addressed in this review. 

The quality assessment of included trials is an important feature of a well-conducted 

systematic review. For quantitative reviews, generally involving randomised controlled trials, 

such appraisal generally requires an assessment of trial design, particularly assessment of 

bias attributable to randomisation, sampling and blinding problems. For observational studies, 

quality assessment focuses on judgements around the validity and reliability of results- for 

example, whether bias has been minimised in terms of treatment and control groups (for case-

control studies), whether the trial population is representative of the population in general, 

whether confounding factors have been recognised and managed, and whether follow-up is 

complete and appropriate.  

Heterogeneity 

Heterogeneity in systematic reviews refers to the diversity of material which comprises the 

review. Heterogeneity can be clinical and/or statistical. Clinical heterogeneity is always 

present between trials for any systematic review. This occurs because trial populations are 

never identical- there will always be clinical differences which may arise for example from 

different ages of trial populations, differences in the extent of comorbidities, and different 

models of care. Fletcher86 asserts that assessment of clinical heterogeneity must be 

qualitative- there is no valid or feasible test or method of calculation. Hence combining trials 

with clinical heterogeneity will be a matter of judgement. However all sources of clinical 

heterogeneity should be acknowledged. Clinical heterogeneity will be closely addressed in this 

systematic review. Where possible, mortality rates for heterogeneous clinical sub groups will 

be reported. 

Statistical heterogeneity reflects the degree to which differences between trial results reflect 

true differences, or may have arisen by chance. The traditional test applied to measure 

heterogeneity (Cochran’s Q) reflects the degree to which each study’s computed estimate 

varies from the pooled estimate, and with a weighting reflecting the size of the study.87 

However the power of Cochran’s test is acknowledged to be poor when the number of studies 

in a review is small, and conversely the test is excessively powerful when the number of 

studies is large. Higgins et al88 developed a statistical test (I2) which reflects the degree of 

consistency between trial results as a percentage (range=0-100). The advantage of Higgins I2 

is that it can be applied across meta-analyses of different sizes, and can be applied to 

subgroups within one analysis. However Higgins et al stress that quantification of statistical 

heterogeneity is less important than qualitative assessment of clinical and methodological 

heterogeneity when considering variability of trial results. 
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Rigor and Reliability 

Although the aim of a systematic review is to identify all evidence relevant to a research 

question, and by combining studies, strengthen any recommendations arising from primary 

research, concern about the reliability of recommendations maypersist. The best means of 

managing this concern in the conduct of systematic reviews is to ensure transparency in 

reporting of search methods and results of appraisal of included (and excluded) articles.  

The best way to maximise transparency and avoid bias in a systematic review is to publish a 

protocol prior to commencement of the review. The protocol should include a clearly defined 

research question, the search strategy, inclusion criteria, critical appraisal criteria, data 

extraction and synthesis methodology. Any deviation from the published protocol should be 

clearly explained in the subsequent published review. 

Since 1996, there has been international consensus around the process and reporting of 

meta-analyses.89 The QUOROM statement was updated in 2005 as the PRISMA statement, 

which consists of a 27 item checklist.90 The MOOSE statement was developed in 1997 to 

assist reporting for observational studies in epidemiology.91 The PRISMA statement and 

checklist are thought to be useful not only for assessment of randomized controlled trials, but 

also for interventional research, and for evaluation of systematic reviews. The PRISMA 

statement recommends that authors of systematic reviews include a diagram (usually referred 

to as a “PRISMA” diagram) which clearly describes their search strategy, and numbers of 

articles identified, screened, retrieved, eligible and included in the final analysis.  

Appropriate management of trial results requires transparency of bias assessment and 

reporting (particularly the criteria and process used in critical appraisal of retrieved articles). 

Detection of publication bias is best managed graphically via a funnel (bias assessment) 

plot.92 Critical appraisal criteria should be made clear, and a summary of included trials with 

scoring against criteria should be included as part of the review. Any checklist or tools used as 

part of critical appraisal should be included in the review.80 A minimum of two independent 

reviewers should perform the critical appraisal process. Double data entry, ideally with two 

independent reviewers should also be employed.80 

Heterogeneity should be formally assessed, and, where appropriate, test values reported. If 

meta-analysis is undertaken, there should be a formal assessment and justification for 

combining studies. Many authors prefer narrative assessment and summary over meta-

analysis, because of the risk of error and inappropriate conclusions if an inappropriate 

quantitative approach is undertaken.93-95 

The question to be answered in the systematic review which follows is “what is the 30 day all-

cause postoperative mortality for elderly patients in highly developed countries undergoing 

elective colorectal surgery?” The main challenges for this reviewer are around ensuring a 

complete search, managing clinical heterogeneity and also expressing uncertainty of results. 

The following chapter will outline the proposed methodology to be used in this review, and 

how these challenges will be managed.  
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Chapter 4: Methodology- Controversies and Challenges  

In this chapter the potentially challenging or controversial methodological aspects underlying 

the approach to systematic review and meta-analysis used in this thesis will be outlined.  Also 

described will be some detail as to how these challenges can be overcome, in order to 

produce information which is of value to healthcare policy makers, funders, clinicians, patients 

and their carers. 

Mortality estimates 

The first challenge for the review topic is the precise meaning of mortality. In one sense, 

mortality is an immutable concept, and one arm of a dichotomous outcome (the patient died, 

or did not). A positivist view of surgery, and attendant complications might consider the 

postoperative mortality rate from any procedure as a “fixed effect”, with the patient’s own risk 

factors as the main determinants influencing their likelihood of death. 

Alternatively, the mortality rate from a particular procedure reflects a vast number of 

underlying assumptions and behaviours, and can be interpreted as reflecting a “random 

effect”. Under this framework, the perceived mortality rate from a certain procedure will in itself 

influence the uptake of the procedure. As standards improve, and surgery is perceived as 

safer, surgical options are offered to patients who historically would have been considered 

“too risky” (often older, or less “fit” patients, i.e. patients with greater levels of comorbidity). 

This phenomenon has been well described in the non-medical literature as the Peltzman 

effect.96 It is also referred to as “risk compensation”- that is, humans have a subconscious 

level of risk tolerance, and will alter their behaviour so that “risky”’ activities result in more or 

less the same rate of bad outcomes, despite the regulatory framework intended to improve 

outcomes. The inverse is the “reverse Peltzman effect”- i.e. perceived high risk surgery will be 

less likely to be offered to (or accepted by) older or more risky patients with higher levels of 

comorbidities. Peltzman’s original description involved road safety and  regulation- as the 

perceived risk of an activity (e.g. driving on a highway) is reduced (by regulations covering 

motor vehicle safety standards, and by making the highway safer), driver risk-taking behaviour 

increases, leading to an overall risk homeostasis,97 or relatively constant highway mortality 

rate.  

Thus, the perceived postoperative mortality rate will influence the uptake of surgery by 

patients generally, and also by older patients in particular (as it is well known that 

postoperative mortality increases with age). The postoperative mortality rate, rather than being 

a fixed or random effect of a procedure, may simply represent the mortality rate which the 

community acknowledges or tolerates for a given procedure. 

Mortality rates are also affected by other “externalities”. In particular, the effect of collecting 

and publically reporting surgical outcome data has been shown to influence mortality.98 

Otherwise known as the “Hawthorne effect”, this phenomenon has been attributed to 

behaviour changes enacted by individuals who are aware that they are being observed. It has 

been documented for hand hygiene compliance99, antibiotic prescribing100 and elective cardiac 

surgery.101 
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Search process 

Another challenge in the review which follows is to define the extent of the search. Ideally, a 

limited search will result in a small number of relevant articles. The wider the search, the 

greater the likely number of irrelevant articles. It is likely that much outcome data for older 

patients may be included in outcome studies for patients of all ages, hence it will not be 

appropriate to limit the search by patient age. Similarly, outcomes for patients having elective 

surgery may be extractable from studies which also include patients having emergency 

surgery, so it will not be appropriate to limit the search to elective surgery only (even though 

these are the only results relevant to the search question). Hence it is likely that a wide search 

will be required, with a large number of potentially relevant articles identified on first pass, 

which will need to be examined in full. 

It is also well recognized that raw mortality data is often not published directly by authors.79 If 

potentially useful data is identified (reported as odds ratios, or likelihood ratios), it may be 

necessary to contact authors directly. Author contact may also be required if potentially useful 

results are identified within datasets which include emergency patients, or patients outside the 

specified age range. 

If any pooling of mortality results is to occur, it will be important that the size of included trials 

and datasets are large enough so that smaller trials do not skew the pooled result. Here, 

Hanley’s “rule of three” is instructive.102 This rule states that if n=the adverse event occurrence 

rate (in this case, postoperative mortality rate), then the upper limit of the 95% confidence 

interval of the probability of an adverse event is 3/n. For our patient group, it is likely that 

postoperative mortality may be 2%, therefore a minimum sample size of 150 is required in 

order to meet Hanley’s criteria. 

Datasets 

Some data may be available from administrative databases. In contrast to clinical databases, 

administrative databases are often developed without fine granularity of clinical detail which 

allows for sophisticated risk adjustment.103 The most attractive feature of administrative 

datasets, such as the NSQIP4 data, are their large size, with a wealth of contained data. It has 

been noted that (at least in the USA, and probably in Australia in the future) administrative 

datasets are increasingly required to contain significant clinical details regarding quality and 

safety reporting (e.g. appropriate antibiotic administration and thromboprophylaxis), so there is 

an expectation that the value of clinical and administrative datasets will coalesce. Finlayson 

and Birkmeyer104 have emphasised the value of large administrative datasets to represent the 

“real world”, in contrast to smaller series from academic centres which may exhibit selection 

bias (or potentially for other reasons may not reflect outcomes in other centres). However, 

these authors emphasise that diagnostic coding is often of poor quality and validity, and 

therefore administrative datasets may be unable to provide the information on patient 

comorbidities required for risk adjustment of outcome data.  

The above notwithstanding, the systematic review which follows examines a non-ambiguous 

outcome (30 day postoperative mortality), which is unlikely to be beset by the “pitfalls of 
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administrative data”.104  

The most obvious issue with a pooled assessment of outcome data are the clinical 

heterogeneity of the samples, the inability to adjust for comorbidities, and therefore the 

likelihood of confounders. The justification for pooling data is that the pooled sample will more 

likely represent the population, and therefore the outcomes are more realistic than outcomes 

reported from single institutions. 

Bayesian and frequentist risk assessment  

The systematic review which follows intends to assess the prevalence of 30 day all-cause 

postoperative mortality after elective colorectal surgery in older patients from highly developed 

countries. It therefore takes a “frequentist” approach to a population-based measure. 

Frequentist measures have been criticised as being too simplistic, and not accounting for 

individual patient differences in risk prediction. Clearly the frequency incidence of a 

complication (such as postoperative mortality) is not the same as the likelihood that such an 

outcome will occur for every patient. A Bayesian model allows for modification of frequentist 

paradigms, and enables the identification of subsets of patients with greater or lesser risks or 

particular outcomes. In an era or “personalised medicine” Bayesian approaches to 

postoperative risk prediction have a certain appeal.105 These models require a modification of 

a population-level risk assessment (the “prior probability”) using patient-derived data, to 

produce a final risk prediction measure (the “posterior” probability). However, as Deveraux106 

has noted, in order to calculate a Bayesian risk index, contemporary complication rates for 

individual surgeries are required, and “it is unknown whether contemporary complication rates 

at one institution are generalisable to another” (p 631). The example Deveraux uses is the 

Detsky index to predict postoperative cardiac mortality.107 It is anticipated that the results of 

this systematic review, by providing a proxy for population-based outcome measures for one 

surgery type (elective colorectal surgery, in elderly patients), will enable better use of 

Bayesian models to predict individual patient risk of postoperative mortality. 

In this chapter, the challenges of defining and retrieving data for postoperative mortality have 

been outlined. The following chapter describes in detail the protocol for the systematic review 

which follows, and describes the means by which these challenges were managed.  
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Chapter 5: The Systematic Review Protocol 

The protocol for the systematic review which follows was detailed in advance, and published 

in the Joanna Briggs Library.108 

 OBJECTIVE 

The objective of this review was to provide an estimate of the prevalence of all-cause 30 day 

postoperative mortality for older patients in highly developed countries undergoing elective 

colorectal surgery. 

INCLUSION CRITERIA 

Types of participants 

This review considered studies that included patients aged 65 years and over from highly 

developed countries, presenting for elective colorectal surgical resection. For the purposes of 

this review, highly developed countries included only counties with a very high Human 

Development Index (HDI).109 The HDI is a composite measure of health, education and 

income. A country is defined as having a very high HDI if its HDI lies in the top quartile. The 

United Nations (UN) report (2013) includes 47 nations which have a very high HDI. Taiwan is 

not recognised by the UN, however its high self-assessed HDI ranks it within the top quartile, 

110 and therefore results from Taiwan were eligible to be included in the review. Studies 

including patients from countries without a very high HDI were excluded, on the grounds that 

these countries are not considered “highly developed”.  

Types of interventions  

Studies including patients having colorectal resection with or without anastomosis (joining of 

the ends of resected bowel) were included. Studies including patients having exploratory or 

diverting procedures (for example, patients who at surgery are found to have widespread 

disease which is unsuitable for operation) were excluded from this review. 

Types of outcomes 

This review considered studies which included the following outcome measure: rates of 30 

day all-cause postoperative mortality (that is, patients dying from any cause within the first 30 

days after surgery). Studies which reported rates of 30 day all-cause postoperative mortality 

together with in-hospital mortality (that is, patients dying within their hospital admission, 

irrespective of timing in relation to operative surgery) were included in this review. 

Types of studies  

This review considered experimental, analytical and descriptive epidemiological study designs 

including randomised controlled trials (RCTs), prospective and retrospective cohort studies, 

case series and cross sectional studies. As the mortality rate (estimate of risk) could be as low 

as 2% (1:50 cases), only studies with a minimum sample size of 150 were considered. This 

sample size requirement accords with Hanley's "rule of three".102 This rule is helpful when 

considering the confidence intervals of the probabilities for adverse outcomes, and states that 

if n= adverse event occurrence rate, the upper limit of the 95% confidence interval of the 
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probability of an adverse event is 3/n. Hanley’s “rule of three” is therefore applied to determine 

minimum sample size for included studies, in order to minimize the potential for small samples 

to skew event rate estimates, should a pooled rate be achievable. The use of this approach, 

acknowledging Hanley’s rule, is consistent with the work of Bainbridge et al111 who performed 

a similar meta-analysis of perioperative and anaesthetic-related mortality.   

SEARCH STRATEGY  

The search strategy aimed to find both published and unpublished studies performed between 

1998 and 2013. A three-step search strategy was used. An initial limited search of PubMed 

was undertaken, followed by an analysis of the text words contained in the title and abstract, 

and of the index terms used to describe the article. A second search using all relevant 

keywords and index terms was then undertaken across all included databases. Thirdly, the 

reference lists of all identified reports and articles were hand searched for additional studies. 

Only studies published in English were considered for inclusion in this review, as it was 

assumed that publications from highly developed nations are almost exclusively published or 

available in English. Studies published after 1998 were considered for inclusion in this review, 

in order to provide a mortality estimate which accurately reflects the improvements in surgical 

care (particularly laparoscopic approaches, and enhanced recovery pathways) which have 

been introduced in highly developed nations since the 1990s. 

Keywords  

Initial keywords used were: colorectal surgery, mortality, death, fatal outcome 

Databases  

The databases searched were: PubMed, Embase, Scopus, Web of Science, CINAHL, The 

Cochrane Central Register of Controlled Trials and the website of The Cochrane Colorectal 

Cancer Group.  

The search for unpublished studies and grey literature included: Google scholar, The Grey 

Literature Report (The New York Academy of Medicine) and the World Health Organization. 

For the search strategy used in PubMed, see Appendix I. 

As the results for the population of interest (older patients presenting for elective surgery) may 

have been included in larger studies or surveys of pooled emergency and elective patients, 

and/or studies of adults of all ages, there were no limitations applied to the search with regard 

to age, or type of surgery (i.e. elective surgery). A search limited to older patients and/or 

elective surgery could have led to an oversight of relevant and extractable data. Where 

combined data was presented for both elective and emergency patients, and/or for patients 

aged under and over the age of 65 years, the corresponding author was contacted to request 

extraction of the relevant data for the population of interest. If the data could not be separated, 

the study/report was not included in the review. 
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ASSESSMENT OF METHODOLOGICAL QUALITY 

Articles and reports which met the inclusion criteria were critically appraised by two 

independent reviewers using the relevant Joanna Briggs Institute Meta Analysis Statistics 

Assessment and Review Instrument (JBI-MAStARI) tool, which uses domain-based evaluation 

(see Appendix II). Where necessary, authors were contacted to confirm that patients in the 

published studies met the inclusion criteria for this review. Any disagreements which arose 

between the reviewers were resolved with discussion, or with a third reviewer. 

DATA COLLECTION 

Data was extracted from papers included in the review using a modification of the 

standardised data extraction tool from JBI-MAStARI (see Appendix III). The data extracted 

included the number of patients included in the study, the number of patients dying within 30 

days of elective colorectal surgery, specific details of the study type, the dates covered by the 

interventions, the setting and model of care, the indication for, as well as the precise 

intervention(s), the population age range, gender and level of comorbidity, experience of 

surgeons involved, and whether the study or report included any qualitative assessment of the 

safety or acceptability of the surgical outcome. 

DATA SYNTHESIS 

Outcomes for the population of interest were identified, and outcome rates over time were 

analysed. A meta-analysis of proportions was undertaken for the reported mortality rate for all 

included studies. Pooled mortality rates were calculated using the StatsDirect software (as 

described below). Sub-group analysis was undertaken for mortality rates for age groups from 

70 years and over, from 75 years and over, and from 79 years and over. Outcome data was 

reported separately for countries and regions. Outcome data was analysed according to the 

population studied (academic and non-academic centres, and also for whole systems of care). 

Outcomes were reported separately for laparoscopic colorectal surgery and open surgery, for 

cancer surgery and non-cancer surgery, for colonic surgery and rectal surgery, for surgery 

where specialist colorectal surgeons were involved and those where non-specialist colorectal 

surgeons were involved, and for “fast track” or enhanced recovery models of care and 

conventional postoperative care. Any qualitative assessment of the safety or acceptability of 

surgical outcome was reported. 

As the review question did not conform to the standard intervention/control paradigm, the JBI 

MAStARI software was not suitable for use. Statistical analysis was performed with 

StatsDirect statistical software http://www.statsdirect.com/ (England StatsDirect Ltd. 2013). 

Heterogeneity was assessed using I2, which reflects the variability between studies which 

cannot be attributed to chance alone.112 Values of I2 greater than 50% were attributed to 

significant heterogeneity between studies.88 As data was collected over a number of years in 

most cases, the date assigned to the results from each study was the median year of 

collection. Cochran Q was also calculated as an assessment of heterogeneity. A meta-

analysis of proportions was undertaken, using a fixed effects model, in order to reduce the 

likelihood of giving undue weight to smaller studies. 113 StatsDirect transforms proportions 

http://www.statsdirect.com/
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using the Freeman-Tukey double arcsine method, and then performs an inverse variance 

weighted effects meta-analysis via the der Simonian and Laird method. Where pooling of data 

was not possible, findings were presented in narrative form, and, where appropriate, figures 

were used to assist in data presentation. 
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Chapter 6: Search Results 

This chapter describes the results of the search outlined in the systematic review protocol 

described in the previous chapter. The number of studies discovered, retrieved and analysed 

will be presented. In Chapter 7, the specific results of the included studies will be presented.  

The result of the search process is summarized in Figure 1. A total of 12,581 studies were 

identified by the search strategy, and were screened to match the inclusion criteria according 

to title and abstract. Eighty-five duplicates were deleted. Twelve thousand one hundred and 

fifty-nine studies were discarded as not meeting inclusion criteria. Three hundred and thirty 

seven articles were retrieved in full text and examined in detail. Seventeen studies met the 

inclusion criteria with extractable data identified. A further 143 studies were identified which 

potentially met the inclusion criteria, and the corresponding authors were contacted in order to 

request further data. Eight authors subsequently provided data from their published work 

(included in nine articles), which was confirmed to have satisfied the original inclusion criteria. 

Reasons for exclusion of retrieved articles are outlined in Figure 2. 
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Figure 1 PRISMA diagram 
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 Figure 2 Reasons for exclusion of retrieved articles (n=177†) 

 

 

†Some articles were excluded on the basis of more than one criterion. Articles which were not relevant, or did not 
meet inclusion criteria, included studies considering the effect of bowel preparation or of different surgical 
techniques. 

Methodological quality 

Instruments used for critical appraisal are found at Appendix II. Twenty six studies were 

assessed by the two reviewers for methodological quality. These studies are listed in 

Appendix IV.  There were no disagreements between the two reviewers regarding the results 

of the critical appraisal of methodological quality. Results of critical appraisal are listed in 

Table 1. Twenty four studies were included after assessment. Details of included studies are 

presented in Appendix V, and details of the studies excluded after methodological appraisal 

are presented in Appendix VI, together with the reasons for exclusion. The excluded studies 

were Law114 (data from these patients appeared in another study by the same author- 

included in this review) and Kristjansson115 (an observational study with a large number of 

excluded, yet apparently eligible patients, hence the possibility of selection bias). The one 

RCT included116 was assessed as being of high quality, although as the mortality results for 

each arm were aggregated for the purpose of this systematic review, many of the assessment 

domains were considered irrelevant (e.g. allocation concealment, and blinding to treatment 

allocation for outcome assessment). The methodology of the remainder of the included 

studies was assessed as being of high quality, with appropriate patient sampling, clearly 

defined inclusion criteria, adequate follow-up and transparent and reliable outcome 

measurement and analysis.  
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Table1:  Results of Critical Appraisal  

Number of studies included and excluded 

Number of studies included Number of studies excluded 

24 2 

 

Randomized Control Trial / Pseudo-randomized Trial 

Citation Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 

Frasson M et al, 2008 Y N N/A Y N/A N/A N/A Y Y Y 

% 100.00 0.00 N/A 100.00 N/A N/A N/A 100.00 100.00 100.00 
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Comparable Cohort / Case Control Studies 

Citation Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 

Keane C et al, 2012 Y U U N/A Y Y N/A Y Y 

Feroci F et al, 2013 N N Y Y Y Y U Y Y 

Lian L et al, 2010 Y Y Y U Y Y N/A Y Y 

Puig-La Calle J et al, 2000 Y U N/A N/A Y Y Y Y Y 

% 75.00 25.00 66.67 50.00 100.00 100.00 50.00 100.00 100.00 
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Descriptive / Case Series Studies 

Citation Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 

Cerdaen C et al, 2011 Y Y N/A Y N/A Y Y Y Y 

Finlayson E et al, 2001 Y Y N/A Y N/A Y Y Y Y 

Hendry P et al, 2009 N/A Y N/A Y N/A Y N/A Y Y 

Jullumstro E et al, 2012 Y Y N/A Y N/A Y N/A Y Y 

Kennedy G et al, 2011 Y Y N/A Y N/A Y N/A Y Y 

Kolfschoten N et al, 2013 Y Y N/A Y N/A Y N/A Y Y 

POMRC, 2012 N/A Y N/A Y N/A Y N/A Y Y 

Faiz O et al, 2011 Y Y Y Y N/A Y N/A Y Y 

Law W L et al, 2011 U U N/A Y N/A Y U Y Y 

Kurian A et al, 2010 Y Y N/A Y Y Y N/A Y Y 

Heriot A et al, 2006 U Y U Y N/A Y N/A Y Y 

Jullumstro E et al, 2011 Y Y N/A Y N/A Y N/A Y Y 

Morris E et al, 2011 Y Y N/A Y Y Y N/A Y Y 

Pinto R et al, 2011 N/A Y N/A Y Y Y Y Y Y 

Rothwell L et al, 2006 N/A Y N/A Y Y Y Y Y Y 
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Citation Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 

Rumstadt B et al, 2009 U Y Y Y N/A Y N/A Y Y 

Tan W S et al, 2012 N/A Y Y Y Y Y N/A Y Y 

Tan E et al, 2007 N/A Y N/A Y N/A Y Y Y Y 

Wu C et al, 2006 Y Y Y Y Y Y N/A Y Y 

% 76.92 94.74 80.00 100.00 100.00 100.00 83.33 100.00 100.00 
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Description of studies 

Appendix VII lists included studies, relevant data and conclusions. 

Twenty three studies were observational studies,12,16,61,62,117-135 and one was a RCT.116 Seventeen 

studies62,117-119,122,123,125,126,128-135were published in clinical surgical journals, four 16,61,121,127in general 

medical journals, and three 12,120,124in other journals or formats (a government report, journals of 

anaesthesia or medical education).  

The timeframe for data collection in all included studies covered the years 1980-2011.Of the 24 

included papers, seven were published between 1998 and 2008,61,116-121 and the remaining 

1712,16,62,122-135 were published after 2008. Of those 17 studies published since 2008, 13 were 

published between 2011 and 2013,12,16,62,126-135 and included data from surgery occurring between 

1980 and 2011.  The number of patients in each study ranged from 150 to 133,148. The total 

number of patients in all the included studies was 319,741.  

Patient populations in the studies were from the USA, 61,117,120,124,125,130,131 UK,16,62,118,121 other 

Europe,116,123,127,129,130,134,135 Australasia,12,119,126,132,133and one multi-centre study122(included UK and 

other Europe).  

Patients 

Numbers: The total number of patients in all studies was 319,741. The total number of deaths in all 

studies was 17,685.  

Ages: Of the included studies, ten presented pooled data from patients aged 65 years and 

over.12,16,61,119,120,128-130,132,134 Four studies were restricted to patients aged 70 years and 

over,116,123,133,135 four included data only from patients aged 75 years and over,62,117,121,126 and 6 

included data only from patients aged 80 years and over.118,122,124,125,127,131 Five studies allowed 

further data extraction for mortality rates for different age sub-groups over 65 years (from 70 years 

and over, 75 years and over, and 79 years and over).12,61,62,123,134 

Gender: Twenty two studies reported male/female ratios for included patients.12,16,62,116,117,118-127,129-

135 

Comorbidities: Eleven of the included studies referred to specific comorbidities for included 

patients.116-119,122,123,130,131,133-135 Seven studies reported levels of obesity or body mass 

index.116,125,130,131,133-135 Nineteen of the included studies reported a preoperative physical status 

score. 12,16,62,116,118-125,128,130-135The most common descriptor used was the American Society of 

Anesthetists (ASA) status.136 This descriptor reports physical status from Class1 through to 5, with 

ASA Class 1 being no systemic disease, and ASA 4 being severe systemic disease which is an 

“eminent threat to life”, and ASA Class 5 being a brain-dead patient for organ donation. Sixteen 

studies referred to the ASA score of included patients12,116,118,119,121-125,128,130-133,135 and four studies 
12,62,120,135 used the Charlson descriptor.137 The Charlson descriptor is a validated comorbidity index 

which is used to risk adjust mortality data in longitudinal studies. Kolfschoten135 used both ASA and 

Charlson scores. Hendry122 used a postoperative mortality risk prediction score. The score used was 

the P-POSSUM mortality equation.138 In 12 studies, extractable details of patient preoperative 

physical status were provided.62,116,118,121,123-125,128,130,131,133,134 Two studies excluded patients with 

comorbidities.116,134  



Sutherland, J. Thesis: Masters, Clinical Science (Evidence-Based Healthcare) 2014 

 

   

   34 

 

Pathology: Fourteen studies included patients with colorectal cancer only.16,61,62,117-119,121,126-130,134,135   

Of the studies including only patients with cancer, four studies 61,126,128,130 included patients  with 

colon cancer only, two studies117,129 included patients  with rectal cancer only, and eight studies 
16,62,118,119,121,127,134,135 included patients with colorectal cancer. Nine studies included patients with 

benign and malignant colorectal disease.12,116,122-125,131133In one study, the specific pathologic 

reasons for surgery were not specified.120 For studies which included patients with cancer only, ten 

of the 14 studies reported tumour stage.16,117-119,121,127-129,134,135  

Anatomical site of surgery: Studies and reports contained patients having colonic, rectal and 

colorectal surgery. Fourteen studies 12,16,116,118,119,121,122,124,127,131-135 contained patients having 

colorectal surgery, eight studies 61,62,120,123,125,126,128,130 contained patients having colonic surgery 

only, and two studies 117,129 contained patients having rectal surgery only. The studies of patients 

having rectal surgery only included patients with cancer. 

Demographics: Two studies reported indices of deprivation12,16, and three studies 12,120,130 included 

race or ethnicity. 

Time to outcome 

All studies reported 30 day postoperative mortality. Seven of the included studies assessed 

combined 30 day and in-hospital postoperative mortality.12,61,62,119,128,129,133,135 

Settings 

Of the 24 included studies, nine 12,16,61,62,118,120,121,130,135 included national level data (from USA, UK, 

England, New Zealand and Netherlands), nine 116,117,119,122,125,126,131-133 were from academic 

institutions, one study123 reported data from a mixed group of hospitals, two studies 124,127 reported 

data from unspecified institutions, two studies 128,129 were from regional hospitals, and one study134 

was from a tertiary non-academic centre. 

Interventions and surgeons 

Twelve studies 62,116,123-126,130-135 included patients having either laparoscopic or open surgery, and 

eight of these  studies 116,124-126,132-135 directly compared outcomes for laparoscopic versus open 

colorectal resection. All of the studies comparing outcomes of laparoscopic and open surgery had 

been published after  2008. Of the 13 publications between 2011 and 2013, seven addressed 

differences in outcomes between patients having open and laparoscopic colorectal surgery. 

Other included studies considered the effect of day-of-surgery admission on outcomes,119 the effect 

of epidural analgesia,120 and the effect of enhanced recovery programmes 122,123,132 on postoperative 

outcome. 

Six of the studies116,119,126,129,133,134reported results of interventions performed by specialist colorectal 

surgeons (including trainees), three studies124,128,132 included combined data from general and 

colorectal surgeons, and in 15 studies 12,16,61,62,117,118,120-123,125,127,130,131,135 the surgeons’ 

qualifications were not specified.  

Models of care, other treatments 

Four studies122.123.132.134 included a protocol-driven enhanced recovery or “fast track” postoperative 

care model, and in a further three studies116,129,133 postoperative care was protocol-driven, but the 
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precise protocol was not described. In 17 studies12,16,61,62,117-121,124-128,130,131,135 the model of care was 

not specified. Two studies reported the preoperative radiotherapy and transfusion rate.117,130 

Qualitative assessment of surgical safety 

Eleven studies offered a qualitative assessment of the safety of elective colorectal surgery for elderly 

patients.117,122-125,127,128,131,133-135 

In this chapter, the features of included studies have been outlined, including methodological quality, 

settings and patients, models of care and qualitative assessments of safety. The following chapter 

presents quantitative and qualitative assessment of results from the included studies. 
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Chapter 7: Review Findings 

In this chapter, the findings of the review (as specified in advance in the published protocol)108 will be 

detailed. The main outcome of interest is the pooled mortality rate (using appropriate statistical 

modelling). Other outcomes include any relationship of mortality rate with age, comorbidities, 

pathology, anatomical site of surgery, geographical location, type of institution, type of surgery, 

qualifications of surgeon and model of care. If any qualitative assessment of outcomes (“safety”) is 

made, this will be reported and analysed across studies. Reporting conforms to previously published 

guidelines.90,91  

Assessment of heterogeneity 

There was significant statistical heterogeneity detected across studies for 30 day postoperative 

mortality (I2>99%). Despite the detected heterogeneity, it was felt that a meta-analysis of proportions 

would provide a clinically relevant estimation of current mortality rates for the surgery and 

populations under consideration. Given the degree of statistical and clinical heterogeneity, it was 

determined that other than pooled event rate reporting for the total population, no further statistical 

analysis was possible. Event rates are reported in narrative form.  Significant reporting bias was 

detected (see Figure 3, Bias Assessment Plot), with a preponderance of reports of lower mortality 

rates. The assumption that there is an underlying “fixed” mortality rate across all studies appears 

untenable, however for the following reasoning, the random effects model was considered 

inappropriate.  In order to avoid undue weight from smaller studies (which were disproportionately 

from academic centres, and which tended to report lower than average, or national, mortality rates), 

it was determined that a fixed effects model would provide a more realistic pooled mortality rate than 

a random effects model.139 
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Figure 3 Bias Assessment (Stats Direct) 

 

 

 

Mortality rates  

The 30 day postoperative mortality rates for all studies ranged from 0.57 to 11.3% (see Figure 4). 

The overall pooled mortality rate for all included patients in all studies aged 65 years and over was 

5.34% (95% C.I. 5.26-5.41%) (see Figure 5). Mortality rates generally increased with increasing age. 
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Figure 4 

 

 

Please note: each bubble represents a single study; the size of the bubble is proportional to the size of the study. 
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Figure 5 

 

 

 

For the ten studies including patients aged from 65 years and over, mortality rates ranged from 0.57 

to 8.00% (see Figure 6). For patients aged from 70 years and over, mortality rates ranged from 1.08 

to 5.57% (see Figure 7). For patients aged from 75 years and over, mortality rates ranged from 1.3 to 

7.18% (see Figure 8). For patients aged from 79 years and over, mortality rates ranged from 1.99 to 

11.3% (see Figure 9).  
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Figure 6 

 

Please note: each bubble represents a single study; the size of the bubble is proportional to the size of the study. 
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Figure 7 

 

Please note: each bubble represents a single study; the size of the bubble is proportional to the size of the study. 
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Figure 8 

 

Please note: each bubble represents a single study; the size of the bubble is proportional to the size of the study. 
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Figure 9 

 

Please note: each bubble represents a single study; the size of the bubble is proportional to the size of the study. 

 

Comorbidities 

There was no apparent relationship between the proportion of patients with an ASA score of 3 or 

greater, and mortality. Where the proportion of patients with an ASA score greater than or equal to 3 

was recorded, this proportion ranged from 22.3% of patients133 to 82.5% of patients.125 Mortality 

rates and the proportion of patients with ASA score of 3 or greater are shown Figure 10.  
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Figure 10 

 

Please note: each bubble represents a single study; the size of the bubble is proportional to the size of the study. 

 

Pathology 

Mortality rates for patients having cancer surgery tended to be higher than mortality rates for patients 

presenting with mixed indications (including cancer) for surgery. For all patients aged 65 years and 

over, mortality rates for cancer surgery ranged from 1.69%  from an Australian academic centre, 119 
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to 6.88% for USA, whole system data.120 For other age sub-groups, mortality for cancer surgery 
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1.5% for Europe, academic centre, patients aged 70 years and over116 to 5.15% for USA, academic 

centre, patients aged 80 years and over. 125 

Anatomical site of surgery 

There was no obvious correlation between anatomical site of surgery, and mortality rate. Mortality 

rates for rectal surgery ranged from 1.3% for patients aged 75 years and over, USA, academic 

centre117 to 5.13% for patients aged 65 years and over, Norway, regional centre.129 Mortality rates for 

patients having colon surgery ranged from 1.08% for patients aged 70 years and over from Europe, 

academic centre123 to 6.88% for patients aged 65 years and over, whole system data, USA.120 

Mortality rates for combined colorectal surgery reported for patients aged from 65 years and over 

ranged from 0.57% for New Zealand, academic centre,132 patients with mixed indications for surgery 

to 8.00% for patients in England having cancer surgery.16 For other age sub-groups, mortality rates 

for colorectal surgery ranged from 1.5% for Italy, patients aged 70 years and over116 to 11.3% for UK 

patients 80 years and over.118 

Differences between countries and regions 

Mortality rates reported from the UK appeared to be somewhat higher than those reported from the 

USA, or other parts of Europe, and Australasia. Data from national studies from the UK reported 

mortality rates ranging from 5.35% for colorectal cancer patients aged 75 years and over,62 to 11.3% 

for colorectal cancer patients aged 80 years and over.118 Data from national studies from the USA 

reported mortality rates ranging from 3.16% for patients aged 65 years and over with colon 

cancer,130 to 6.88% for patients aged 65 years and over having partial colectomy.120 One national 

study from Europe (other than UK) was identified (from the Netherlands), which reported mortality 

rates of 5.57% for patients aged 70 years and over presenting for surgery for colorectal cancer.135 

One national-level study from Australasia was identified, which reported mortality rates of 2.80% for 

patients in New Zealand aged 65 years and over presenting for colorectal surgery.12  

Difference between national-level data and results from academic and other 
institutions 

There was a noticeable difference between national-level reported mortality rates, and those 

reported from academic centres, and from regional and non-academic centres. In general, national-

level mortality rates were higher than mortality rates reported from individual centres. For patients 

aged 65 years and over, national-level data reported mortality rates ranging from 2.8% in New 

Zealand12 to 8.0% in the UK.16 For this same age group of patients, data from academic centres 

reported mortality rates ranging from 0.57% in New Zealand,132 to 1.69% in Australia.119 For patients 

aged 65 years and over, regional centre and non-academic centre data reported mortality rates 

ranging from 3.83% (Italy)134 to 5.13% (Norway).129 Similar variation between national data, 

academic centres and regional and non-academic centres was seen for mortality rates for other age 

groups. See Figure 11 for data by national, academic centre and other origin for pooled age groups. 

For nations where national-level data was reported (UK, USA, Netherlands and New Zealand), only 

two reports from single centres in the USA reported mortality rates exceeding national mortality 

rates.124,125 However, these two single centre studies included patients only aged from 80 years, 

whereas the national-level data considered patients from 65 years and over.  
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Figure 11  

 

Please note: each bubble represents a single study; the size of the bubble is proportional to the size of the study. 

Series 1 (grey): national-level data 

Series 2 (black): data from academic institutions 

Series 3 (white): data from regional, non-academic and other centres. 

 

Laparoscopic surgery versus open surgery  

Mortality rates were generally higher for open surgery than for laparoscopic surgery. Where data was 

reported separately for laparoscopic surgery, and where the number of patients in these sub-groups 

was greater than or equal to 150, the reported mortality rates for laparoscopic surgery ranged from 

0.5% for patients aged 75 years and over with colon cancer in Hong Kong,126  to 3.1% for patients 

aged 75 years and over with colorectal cancer in the UK.62 For open surgery reported separately, 

and for sub-groups where the number of patients was greater than or equal to 150, mortality rates 

ranged from 1.3% for patients with rectal cancer aged 75 years and over in the USA,117 to 5.8% for 

patients aged 65 years and over with colorectal cancer in Italy.134 See Figure 12 for mortality rates 

for open and laparoscopic surgery. 

0% 

2% 

4% 

6% 

8% 

10% 

12% 

1990 1995 2000 2005 2010 2015 

30 day 
postoperative 
mortality 
 rate 

Median year of data 

Mortality rate by institution type, 
 24 studies 

Series1 

Series2 

Series3 



Sutherland, J. Thesis: Masters, Clinical Science (Evidence-Based Healthcare) 2014 

 

   

   47 

 

Figure 12  

 

Please note: each bubble represents a single study; the size of the bubble is proportional to the size of the study. 

Open surgery is in grey, laparoscopic surgery in black. 

 

Specialist surgeons versus non-specialist 

There was no apparent difference in reported mortality rates for those patients whose surgery was 

performed by specialist colorectal surgeons, compared with surgery performed by non-specialist 

colorectal surgeons. Where the grade of surgeon was reported, mortality rates for specialist 

colorectal surgeons (including trainees) ranged from 1.5% in Italy,116 to 5.13%  in Norway.129 Where 

care was reported as provided by a mixture of specialist and non-specialist surgeons, mortality rates 

ranged from 0.57%  in New Zealand132 to 4.9% in the USA.124  

Models of care 

The mortality rates in the four studies where a “fast track” or enhanced recovery model of care was 

described were lower than in other studies where the model of care was not described. Mortality 

rates for patients receiving “fast track” or enhanced recovery models of care ranged from 0.57% in 

New Zealand132 to 3.83% in Italy.134 

Qualitative assessment of outcome  

In studies where a qualitative outcome assessment was reported, all eleven assessments were 

positively framed (as “safe”, “favourable”, or described procedures with a “small” mortality). The 

mortality rates in these eleven studies ranged from 1.08%123 to 5.57%.135 In seven studies, results 
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postoperative mortality rate of 1.99% was assessed as “small”.127 No study referred to “unsafe” or 

“unfavourable” outcomes. 

Summary 

Reporting bias and statistical heterogeneity across studies were detected in this review. A pooled 

mortality rate for all included patients in all studies aged 65 years and over was 5.34% (95% C.I. 

5.26-5.41%). The pooled mortality rate was assessed using a fixed effects model. Mortality rates 

increased with increasing age, and were greater for cancer than for non-cancer surgery, and greater 

for open than for laparoscopic surgery. Mortality rates were higher for national-level reports, than for 

reports or studies from individual centres. Mortality rates reported from the UK tended to be higher 

than mortality rates reported from other countries. The qualitative assessment of surgery as “safe” 

appeared to be unrelated to the quantitative mortality rate reported. The implications of these 

findings are discussed in the following chapter, along with some limitations of this study and potential 

areas for future research. 
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Chapter 8: Discussion  

The results, implications and clinical relevance, challenges and limitations of this review are outlined 

in this chapter. Areas for future research are suggested. 

Although the term “safe” is used frequently in medical and surgical literature, the precise definitions 

of “safe” and “safety” are not always clear. Other authors have criticized the use of the word “safe” 

when applied to surgical procedures, and have recommended that the term “safe” be replaced with 

“precise estimates and confidence intervals of the risk for adverse events” (p1371).140  The results of 

this review confirm a wide range of mortality rates which appear to fall within authors’ assessment of 

what is “safe”. None of the articles included in this systematic review which used qualitative 

assessments such as “safe” or described mortality rates as “low” or “acceptable” appeared to have 

based these descriptions on patients’ assessments of safety or acceptability. There is little available 

research to assist in understanding patients’ assessments of “safety”, particularly as applied to 

elective surgery. The implications of these observations, derived from outcome studies performed in 

highly developed countries, are equally applicable to patients in less highly developed countries, as 

surgical activity becomes more widespread and accessible.74 

While there have been other systematic reviews which attempt to define mortality after elective 

colorectal surgery in elderly patients,42,141 this review appears to be the first to present pooled data 

for 30 day all-cause postoperative mortality rates for elderly patients presenting for elective colorectal 

surgery in highly developed countries. Other systematic review authors have aggregated data in a 

similar way from individual studies investigating perioperative and anaesthetic-related mortality,111 

and for postoperative mortality after joint replacement surgery.142 Therefore, despite the considerable 

statistical and clinical heterogeneity of study data, we believe the meta-analysis of crude mortality 

data to provide an overall mortality estimate is justified. Indeed, given the discrepancy between 

reported mortality rates from individual centres (especially academic centres) and whole systems of 

care, our pooled result may have more relevance for many institutions than any result from a smaller 

centre. 

Pearse22 has suggested a predicted postoperative mortality risk of greater than 5% meets the 

criterion for high risk surgery. Other authors144 have validated this estimate. In the UK, it has been 

recommended that shared decision-making for surgery should be based on explicit mortality risk 

prediction, and also that predicted postoperative mortality risk should inform the need for high 

dependency postoperative care.64 The pooled mortality risk for elderly patients undergoing elective 

colorectal surgery informed by our systematic review was 5.34%(95% C.I. 5.26-5.41%) . This result 

reflects that, at a population level, these patients meet accepted definitions of “high risk” surgery. It is 

unclear whether the mortality rates demonstrated in this review are widely appreciated by clinicians, 

are part of informed consent conversations, or are driving optimal resource allocation for hospital-

based postoperative care of these patients. The discrepancy between postoperative resources 

available for patients presenting for perceived high risk surgery (such as cardiac surgery), and those 

presenting for colorectal surgery has been discussed elsewhere.22 

For patients aged 65 years and over from highly developed countries undergoing elective colorectal 

surgery, this review demonstrated that mortality rates increased with age, were higher for cancer 

surgery than for patients with mixed (cancer and non-cancer) indications for surgery, were higher for 

open than for laparoscopic surgery, and were higher for traditional models of care than for fast-track 
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models of care. Mortality rates reported from the UK were higher than mortality rates reported from 

the USA, Europe and Australasia. Mortality rates reported were generally higher for whole system 

datasets, than for reports or studies from single institutions. There did not appear to be any 

relationship between mortality rate and physical status of patients, anatomical site of surgery and 

grade of surgeon. The lack of apparent relationship between mortality rate and specialist surgeon 

involvement in care demonstrated in this review is inconsistent with other reports.49,65 The inclusion 

of trainees within the specialist cohort may have influenced our results. 

The results of this review demonstrated no clear trend in mortality rates published between 1998 and 

2013. Given the increase in laparoscopic surgery, enhanced recovery and multidisciplinary models of 

care in recent years, this is perhaps surprising. It is of note that in our review, the time lag between 

interventions and published outcomes appears to be narrowing, likely as the result of increasing 

ease of data availability, collection and analysis. 

The most notable result of the analysis of results in this review was the wide variation in mortality 

rates between those derived from national, system-wide reports, and those from single institutions 

(especially academic institutions). This discrepancy between mortality rates drawn from national-

level data and those reported by academic institutions has been previously noted in the USA by 

other authors.61 In the UK, Faiz reported that between individual hospital groups (trusts), adjusted 

mortality rates after elective colorectal surgery in elderly patients was from between 0 and 14.5%.62 

The obvious gap in the worldwide literature is reports from institutions whose mortality rates lie 

above national averages. Our bias assessment plot (chapter 7, figure 4) demonstrates this in 

graphical form. 

The results of this review have confirmed the challenges to obtaining valid and relevant outcome 

data for a group of patients presenting for commonly performed elective surgery in highly developed 

countries. Challenges to identifying the outcome data for this review included the variability of the 

definition of “elderly”- studies included in this systematic review considered data from patients aged 

from 65, 70, 75, 79 or 80 years. On initial searching, there was also variability in the time to 

postoperative follow-up (e.g. 30 day, 60 day, 90 day and in-hospital mortality) which limited the 

number of otherwise useful studies which may have further informed the results of this review. There 

was significant clinical heterogeneity with regard to pathologic indication for surgery, anatomical site 

of surgery, specialization of clinicians involved in care, size and nature of hospital and model of care. 

While this heterogeneity limited the generalisability of our results, it also strengthened the conclusion 

that local (or hospital-based) mortality rates cannot be inferred from other individual centre reports.  

Another challenge in performing this review was locating the relevant data. Mortality rates were often 

not reported directly, but reported as odds ratios or relative risk (compared with a reference group, 

for which absolute mortality rates may also not be reported). Precise outcome numbers needed to be 

supplied directly by authors for nine of the twenty four included studies. There were other studies 

identified on searching which were based on collected outcome data, but on attempts to contact 

authors, no response with data was forthcoming for this review. The reasons for non-response by 

authors are unclear. It may be that these studies had higher than average mortality rates (or 

perceived higher mortality rates), and that authors were therefore unwilling to share results which 

potentially reflected unfavourably on their performance. 

Even when outcome data is reported, there was considerable variability in the type of journal used to 
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disseminate results, and therefore the particular clinical audience likely to read and develop 

awareness of these results.  Of the five largest studies reported,16,61,62,120,121 three were published in 

general medical journals, one in an anaesthesia journal, and only one (Faiz) in a traditional surgical 

journal. Thus, even specialised colorectal surgeons may not be fully informed of the range of 

outcome data for elderly patients having elective colorectal surgery. In the absence of locally 

collected outcome data, clinicians, patients and their carers are unlikely to have easy and timely 

access to the important information they need when providing informed consent for elective 

colorectal surgery. Similarly, referring and perioperative clinicians may also not have the outcome 

data which is required for optimal planning for the surgical journey. Clinicians and patients in 

institutions outside academic centres may be misled by mortality rates reported in case series and 

operative trials from academic centres, and also potentially from national-level data, if their own 

institutional mortality lies above the average. 

Individual patient decision-making for elective surgery, particularly for elderly patients with the 

likelihood of multiple comorbidities, is fraught with uncertainty. In the future, it is likely that a 

Bayesian approach to postoperative risk estimation will be undertaken, with institutional outcome 

data (pre-test probability) modified by patient-specific risk factors (likelihood ratio), in order to 

estimate the patient’s postoperative mortality risk (post-test probability).106 Some researchers have 

already moved in this direction for cancer care, acknowledging the “accelerating trend towards 

personalised medicine”.143 For surgical care, Cohen66 refers to the effect of hospital outcomes on 

patient risk. However, rather than promoting the integration of data, Cohen argues that hospital and 

patient-level data should be presented separately, partly on the basis that hospital-level effect “might 

not be large”. On the contrary, our review suggests that hospital-level effects on outcome for elective 

colorectal surgery in elderly patients may be very large indeed. This finding is consistent with reports 

of other authors from the USA.45 Postoperative mortality rates for elective colorectal surgery in 

elderly patients based on those usually quoted in the surgical literature are rarely applicable outside 

academic centres. Separate presentation of hospital-specific risk, and patient-level risk (as 

recommended by Cohen) is likely to be confusing for patients. It is difficult to understand how such 

an approach can increase the patient-centeredness, and hence quality of healthcare. Local 

institutional mortality rates will be essential to assure the validity of Bayesian risk scores. 

Individualized risk scores will be useful to underpin truly informed consent, as well as inform 

decisions such as the need for postoperative high dependency or intensive care. 

Some potential limitations in the review process included restriction of studies to those published in 

English. Since the review considered patients having surgery in only highly developed nations, we 

did not consider that this restriction was likely to significantly impact results. The inclusion of some 

studies which considered both in-hospital and 30 day postoperative mortality could have impacted 

the pooled mortality estimate. However Damhuis et al36 have demonstrated that fatal events after 

surgery tend to occur within the first month, and, for colonic cancer surgery, showed a small disparity 

between in-hospital and 30 day postoperative mortality. There is always the possibility of dataset 

unreliability, however the results from larger series presented here were derived from previously 

validated datasets, and we believe ascertainment error for 30 day mortality is unlikely in any case 

given the short time frame required for patient follow-up. Despite our best efforts, the theoretical 

possibility of some double counting exists, including for Finlayson61 and Wu120 (two year overlap in 

data collection), for Tan,121 Faiz62 and Morris16 (the five year collection time for Tan data is included 
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in Faiz and Morris datasets), and Keane132 and POMRC12 (Keane numbers are likely included in the 

POMRC dataset). However, apart from the UK data, 16, 62,121 most of these numbers are small, and 

are unlikely to have influenced overall results significantly. Finally, failure of authors to respond to our 

requests for data may have altered our pooled mortality estimates. We have proposed that it is likely 

that data from non-responders was at the higher range, and therefore lack of such results may have 

led us to under-estimate mortality rates. 

With an increasing focus on shared decision-making, and the desirability of incorporating outcomes 

which are important to patients into the decision-making process, there is a clear need for better 

information. We have demonstrated the difficulties in discovering valid 30 day postoperative mortality 

data for elderly patients undergoing elective colorectal surgery. Other outcome data is also needed. 

Mamidamma143 has suggested that 30 day postoperative mortality may be an inappropriate measure 

for elderly patients, as significant numbers of elderly patients continue to die in the postoperative 

period up to twelve months after surgery. Kobayashi144 has suggested that 90 day postoperative 

mortality should be a “need to know” component of the informed consent process for patients facing 

right hemicolectomy. Others have suggested other outcomes are important after colorectal surgery, 

such as the risk of anastomotic leakage, 145 and, for elderly patients, quality of life considerations 

such as continence and avoidance of a permanent stoma.146 However some of these outcomes have 

a technical focus which may or may not be important to patients. There is increasing recognition that 

patient-reported outcomes (PROs) should be used to complement outcomes such as survival (or 

mortality).75 There is little data to inform which outcomes of colorectal surgery are of greatest 

importance to elderly patients. Nor is there a good understanding of how patients incorporate 

competing risks and benefits as complex “trade-offs”, when making decisions for surgery. There is 

also a lack of evidence as to how patients’ uncertainties regarding treatment and research priorities 

can or should be elicited.147 Other authors have reflected on the desirability of incorporation of 

patient experience (including quality of life and assessment of treatment and service received) as 

part of a suite of outcome measures of colorectal surgery. 35 Merkow148 has reported that 

consideration should be given to the development of composite outcomes, but again, that further 

research is needed in this area. 

Contrasting with the significant lack of evidence regarding patient-reported priorities for outcome 

reporting for colorectal surgery, there is a plethora of studies examining the technical approaches to 

colorectal cancer. The particular focus has tended to be the precise surgical intervention, potentially 

reflecting the interests and priorities of surgeons. Of the studies and surveys incorporated in this 

systematic review, eight were performed to assess outcomes of laparoscopic versus open colorectal 

surgery. In a systematic review in 2012, Martel et al82 have identified considerable overlapping 

reviews in this area, with a recommendation against any further systematic reviews or meta-analyses 

examining differences in outcomes between laparoscopic and open colorectal surgery.  

The implications for future research regarding outcomes after elective colorectal surgery in elderly 

patients are that more study is needed, in order to answer these questions: 

 How can health systems best report adverse outcomes after surgery? 

 What postoperative outcomes are of greatest importance to patients? 

 How can qualitative outcomes be incorporated with quantitative outcomes (such as 

mortality/survival) to produce meaningful metrics for patients? 

 How can appropriate outcome data be best incorporated into patient-level risk 
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prediction scores for surgery? 

 How can outcome data be incorporated into shared decision-making processes for 

surgery, and how can patient risk-tolerance be assessed? 
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Chapter 9: Conclusions 

There is a lack of valid and transparent mortality outcome data relevant to elderly patients having 

elective colorectal surgery in highly developed countries. Patients, their carers and healthcare 

professionals need valid, relevant, transparent and comprehensible outcome data to inform clinical 

decision-making. The aim of this systematic review was to meet the gap in the published literature, 

and provide a pooled estimate for the 30 day all-cause postoperative mortality for elderly patients in 

highly developed countries undergoing elective colorectal surgery. Providing this estimate of 

postoperative mortality after elective colorectal surgery in elderly patients  is likely to enhance 

decision-making from many perspectives, including public policy makers, healthcare funders, 

hospitals and clinicians, and patients and their carers. 

The systematic review presented included the publication of a protocol in advance of the study, and 

a rigorous search process for both clinical trial and observational data. The review was restricted to 

trials or reports with more than 150 patients, in order to minimise the likelihood of small trials skewing 

the final result. The systematic review was restricted to highly developed countries, and also to 

articles published in English, in an attempt to minimise clinical heterogeneity as much as practicable. 

Contact with authors was initiated, in order to access potentially relevant patient-level data wherever 

possible. After a rigorous search process, the authors critically appraised the articles identified by the 

search. Where there was obvious duplication of results, or where the quality of trials or reports was 

inadequate, articles were excluded from further analysis or inclusion. Twenty four articles were 

included in the final review.  Mortality rates were analysed against age, pathology, patient 

comorbidities, anatomy, country of origin, institution type, surgical expertise and model of care. 

The authors of this systematic review believe it is the first of its kind which produces a meta-analysis 

of mortality rates after elective colorectal surgery in patients 65 years and over, in highly developed 

countries. This systematic review makes a significant contribution to the knowledge base in the field 

of elective colorectal surgery, and includes a series of recommendations arising from the findings. 

This review found a pooled mortality rate for elderly patients in highly developed countries 

undergoing elective colorectal surgery of 5.34% (95% C.I. 5.26-5.41%). Significant reporting and/or 

publication bias reflects a lack of reporting from centres with average and higher than average 

postoperative mortality rates for elderly patients after elective colorectal surgery. Hospitals and 

departments should therefore collect their own outcome data, for the use of patients, their carers and 

clinicians. Locally relevant outcome data should be used for informed consent information, and to 

assist in clinical decision-making and quality improvement activities. These observations are also 

important for less highly developed nations, as their healthcare systems enable increased access to 

elective surgery. As their economies grow, less highly developed nations have an opportunity to 

plan, collect and use valid and accurate outcome data to inform resource allocation and prioritization 

for healthcare spending. 

Implications for practice 

Institutions where elective colorectal surgery is performed for elderly patients should not rely on 

postoperative mortality rates reported in surgical literature from single centres. Local data should be 

collected and utilized when advising elderly patients of postoperative mortality risk after elective 

colorectal surgery, and also used to inform clinical decisions, and drive local quality improvement. 

(Grade A)‡ 
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Professional groups and societies should establish minimum datasets for surgical outcomes which 

can be collected at clinical unit, hospital and national levels. (Grade B)‡ 

Health policy makers should consider the routine collection of agreed postoperative surgical mortality 

rates at national or system-wide levels. (Grade B)‡ 

 

Implications for research 

More research is needed to develop personalized risk scores for surgical outcomes, which 

incorporate patient-level and hospital-level risk. 

Further research is needed to assess which postoperative outcomes are of the greatest importance 

to elderly patients facing elective colorectal surgery, how patients assess and tolerate surgical risk, 

and how complex trade-offs between outcomes of importance might be constructed. 
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Appendix I: 

 PubMed search strategy 

colorectal surgery[mh] OR (large intestine[mh] AND surgery[sh]) OR rectal surgery[tw] OR colon 

surgery[tw] OR large intestine surgery[tw] 

AND 

mortalit*[tw] OR mortality[sh] OR mortality[mh] OR fatal outcome[mh] OR death[mh:noexp] OR 

fatal[tw] OR fatalit*[tw] OR death[tiab] 

limits: humans, from 1998, English language. 
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Appendix II:  

MAStARI Critical Appraisal Instrumentsthis s a test message 
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Appendix III: Data extraction instrument  
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Appendix V: Details of included studies 

 

Study Methods Participants Intervention A Notes 

 Cerdaen C et al, 2011 
retrospective cohort from 

prospective registry 

80 years and over, with 

colorectal cancer, from 1990-

2009.  

elective colorectal surgery 
This data is from a non peer 

reviewed abstract. 

Faiz O et al, 2011 
retrospective analysis from 

administrative dataset 

75 years and over with 

colorectal cancer, data from 

1996-2007. 

laparoscopic and open 

colorectal resection 

Outcome measure 30 day "in 

hospital" mortality 

Large dataset of pooled cases 

from a mix of institutions 

(included all institutions where 

>15 procedures were 

performed). Included 30 day "in 

hospital" mortality. 

 Feroci F et al, 2013 prospective cohort study 

65 years and over, with 

colorectal cancer. Surgery 

performed by colorectal 

fellowship-trained surgeons. 

Standardized "fast track" 

protocol. Data from 2005-2011 

laproscopic surgery and open 

surgery 

This study looked at older 

patients and also other patients 

deemed "high risk" e.g. with 

raised BMI, or cardiovascular 

morbidity. Data supplied by 

author. 
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Study Methods Participants Intervention A Notes 

 Finlayson E et al, 2001 
epidemiological study from 

national claims database 

over 65 years, for cancer 

surgery. Data from 1994-1999. 
colorectal surgery 

Included a range of hospitals 

(academic, non-academic, 

tertiary, rural and regional). 

Outcome 30 day and in-

hospital mortality 

 Frasson M et al, 2008 randomized controlled trial 

70 years and over, benign and 

malignant disease. Specialist 

surgeons, protocol driven care. 

Data collection time period not 

stated. 

laparoscopic colorectal 

resection, deaths 2/89  

open colorectal resection 

deaths 1/112 

Lower mortality rate for open 

surgery than laparoscopic 

surgery is not typical. Small 

numbers may have skewed 

results.30 day postoperative 

mortality 

 Hendry P et al, 2009 prospective observational study 

80 years and over, benign and 

malignant disease. Data from 

2002-2005. Centres all used an 

enhanced recovery protocol. 

colorectal surgery 

This study examined outcomes 

with relation to BMI. 30 day 

postoperative mortality. 

 Heriot A et al, 2006 
retrospective analysis of clinical 

dataset 

older than 80 years with 

colorectal cancer, data 

collected between 1992-2001 

colorectal resection 

The purpose of the study was 

to develop a model for 

predicting postoperative 

mortality for elderly patients 

undergoing surgery for 

colorectal cancer 
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Study Methods Participants Intervention A Notes 

 Jullumstro E et al, 2012 
retrospective analysis from 

National administrative dataset 

65 years and over, with rectal 

cancer, from 1980-2004 

Surgery type not specified. 

Specialist surgeons and 

trainees provided care. 

Protocol-driven operative 

strategy, radiotherapy and 

surveillance. 

The published article 

demonstrated demonstrated no 

significant change to 5 year 

survival from rectal cancer over 

the time period 1980-2004 in 

this series. 30 day and in-

hospital mortality reported. 

Data from the author. 

 Keane C et al, 2012 retrospective cohort study 

65 years and over, with benign 

and malignant disease, having 

colonic and rectal surgery Data 

from 2007-2009. 

. Enhanced recovery vs 

conventional care, included 

both open and laparoscpic 

surgery, and both general and 

colorectal surgeons. 

Single death occurred in the 

conventional care group.30 day 

postoperative mortality 

reported. Data supplied by 

author. 

Kennedy G et al, 2011 
retrospective analysis of clinical 

dataset 

65 years and over with colon 

cancer, open and laparoscopic 

surgery. Data from 2005-2008 

Laparoscopic and open surgery 
30 day "in-hospital" mortality 

reported.Data from author 

  Kolfschoten N et al, 2013 
retrospective audit of 

prospective national database 

70 years and over with 

colorectal cancer, data from 

2010. 

Laparoscopic vs open 

colorectal surgery 

Excluded hospitals with fewer 

than 10 patients.Data from 

author. 
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Study Methods Participants Intervention A Notes 

 Kurian A et al, 2010 retrospective cohort study 

80 years and over, benign and 

malignant disease 

Cases from years 2002-2007 

laparoscopic surgery, open 

surgery 

4.9% mortality overall, 2% for 

laparoscopic subset (n=150) 

 Law W L et al, 2011 prospective cohort study 

75 years and over with colon 

cancer, procedures performed 

by colorectal specialists. Data 

from 2000-2009 

laparoscopic vs open surgery 

Reported 30 day mortality. This 

data from non-peer reviewed 

abstract. 

 Lian L et al, 2010 retrospective cohort study 

patients older than 80 years, 

benign and malignant disease, 

data collected from 1994-2008 

open colectomy and 

laparoscopic colectomy 

14 year outcome data from 

academic centre 

 Morris E et al, 2011 
retrospective analysis from 

National administrative dataset 

65 years and over with 

colorectal cancer. Data from 

1998-2006 

colorectal surgery 

Very large dataset, showing a 

slight decline in mortality over 

the years 1998-2006 for all age 

groups, and a significant 

association between age and 

the likelihood of postoperative 

death. 

 POMRC, 2012 
retrospective analysis of 

administrative dataset 

65 years and over. Data from 

2005-2009 
colorectal surgery 

30 day and in-hospital mortality 

reported. 



 

 

 

Sutherland, J. Thesis: Masters, Clinical Science (Evidence-Based Healthcare) 2014 

 

   67 

 

Study Methods Participants Intervention A Notes 

 Pinto R et al, 2011 
prospective institutional 

database 

80 years and over, benign and 

malignant disease, open vs 

laparoscopic colorectal surgery 

open vs laparoscopic surgery 

3.45% mortality for open 

surgery, 2.4% for laparoscopic 

surgery. 

 Puig-La Calle J et al, 2000 
prospective institutional 

database 

75 years and over, with rectal 

cancer compared with a 

comparable cohort younger 

than 75 years 

elective radical rectal cancer 

resection 

At this specialized centre, 

30day postoperative mortality 

rate of 1.30% was seen for 

patients aged 75 years and 

over undergoing elective 

radical rectal resection for 

cancer. 

 Rothwell L et al, 2006 
prospective institutional 

database 

aged over 65 years having 

elective colorectal cancer 

surgery 

elective colorectal resection 

Study performed for the 

purposes of comparing 

outcomes for day of surgery 

admissions. 

 Rumstadt B et al, 2009 prospective observational study 
70 years and over with benign 

and malignant disease 

laparoscopic and open colonic 

surgery 

30 day postoperative mortality 

rate 1.08% 

Tan E et al, 2007 prospective observational study 
75 years and over with 

colorectal cancer 
elective colorectal surgery 

30 day postoperative mortality 

rate 7.18%, which decreased 

over time (most recent data 

2004-5: mortality rate 5.4%) 
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Study Methods Participants Intervention A Notes 

 Tan W S et al, 2012 retrospective cohort study 

70 years and over, benign 

and malignant disease, 

laparoscopic and open 

surgery 

laparoscopic vs open 

colorectal surgery 

Overall 30 day mortality rate 

of 3.58% 

 Wu C et al, 2006 

retrospective analysis from 

National administrative 

dataset 

over 65 years, having 

elective colectomy 
elective colectomy 

30 day postoperative 

mortality rate 6.88% 
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Appendix VI: Excluded studies 

[1] Kristjansson S et al, Comprehensive geriatric assessment can predict complications in 

elderly patients after elective surgery for colorectal cancer 

Reason for exclusion: large number of excluded patients, reasons unclear. 

[2] Law W L et al, Laparoscopic colorectal resection: a safe option in elderly patients 

Reason for exclusion: these data are likely a subset of a later paper. 
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    Appendix VII: Detailed data from included studies 

 
author date country start end setting follow up age range pathology model of care exclusions co-orbidities Deaths n Total N Qualitative assessment 

Cerdaen 2011 Spain 1990 2009 Not described 30 day postoperative 
80 years 
and over 

Colorectal 
cancer not specified not specified not specified 6 301 "small peri-operative mortality" 

Faiz 2011 UK 1996 2007 National data 
30-day "in-hospital 
mortality" 

75 years 
and over 

Colorectal 
cancer not specified 

hospitals performing 
fewer than 15 
procedures 

37.2% 
Charlson 3 or  
greater 1539 28,746 no 

Feroci* 2012 Italy 2005 2011 

Non-
university 
tertiary care 
hospital 30-day postoperative  

65 years 
and over 

Colorectal 
cancer 

"fast-track" protocol 
colorectal fellowship-
trained surgeons 

 emergencies, "unfit for 
surgery" or with "distant 
metastases", 
nonresective surgery 

for patients 
less than 80 
years , 68.6% 
ASA 3 or 
greater 23* 600* 

"laparoscopic colorectal 
resection can be safely 
performed on 'high risk' 
surgical patients..." 

Finlayson 2001 USA 1994 1999 National data 

30-day postoperative 
AND in-hospital 
mortality 

Over 65 
years  Cancer  not specified 

 patients with no 
diagnostic code for 
cancer, or over 99 
years not specified 

not 
stated 
(4660) 133,148 no 

Frasson 2008 Italy not stated** 
not 
stated** 

Academic 
centre 30-day postoperative  

70 years 
and over  

Benign and 
malignant 
disease 

specialist surgeons, 
protocol driven peri-
operative care 

 patients with infiltrating 
cancer, cardio-
respiratory or hepatic 
dysfunction 

mean ASA 
score 2.15-2.3 3 

201 
(laparoscopic 
n=89, open 
n=112) no 

Hendry 2009 

Northern 
Europe, multi-

centre 2002 2005 

4 academic 
centres 
Norway, 
Netherlands, 
Sweden, UK  30-day postoperative  

80 years 
and over  

Benign and 
malignant 
disease 

enhanced recovery 
protocol 

patients requiring total 
meso-rectal excision 
excluded 

unable to 
extract 6 194 

refers to the "safety and 
potential benefits of the ERAS 
approach 

Heriot 2006 UK 1992` 2001 National data 30-day postoperative 
Older than 
80 years 

Colorectal 
cancer not specified 

no surgery, or if risk 
factors or outcomes 
were "deficient" 

at least 36.6% 
ASA 3 or 
greater 198 1,749 no 

Jullumstrø2011* 2011 Norway 1980 2004 
Regional 
centre 

30-day AND  in-
hospital mortality 

65 years 
and over Colon cancer 

included surgery by 
specialists, non-
specilaists and 
trainees 

 patients with 
neuroendocrine cancer 

37.4% ASA 3 
or greater 22* 494* No 

Jullumstrø2012* 2012 Norway 1980 2004 
Regional 
centre 

30-day AND in-
hospital mortality 

65 years 
and over Rectal cancer 

specialist surgeons 
and trainees not specified not specified 12* 234* 

"excellent outcomes in the 
1980s ...poor results...during 
the 1990s..." 

Keane* 2012 New Zealand 2007 2009 
Academic 
centre 30-day postoperative  

65 years 
and over 

Benign and 
malignant 
disease 

Enhanced recovery 
pathway vs 
conventional care by 
general and 
colorectal surgeons not specified 

unable to 
extract 1* 175* no 

Kennedy* 2011 USA 2005 2008 National data 30-day postoperative  
65 years 
and over Colon cancer not specified 

emergency patients 
and ASA 5 patients 

66.4% ASA 3 
or greater 187* 5914* No 

Kolfschoten* 2013 Netherlands 2010 2010 National data 
30-day AND in-
hospital mortality 

70 years 
and over 

Colorectal 
cancer not specified 

emergency procedures, 
hospitals with fewer 
than10 patients in the 
years 

not able to 
extract data 209* 3,746* 

"Successful and safe 
introduction of laparoscopic 
surgery.." 
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author date country start end setting follow up age range pathology model of care exclusions co-orbidities Deaths n Total N Qualitative assessment 

Kurian 2010 USA 2002 2007 
Single centre, 
not described 30-day postoperative  

80 years 
and over 

Benign and 
malignant 
disease 

laparoscopic 
surgeons had 
advanced training, 
open surgeons did 
not  emergent procedures 

68.6%ASA 3 
or greater 12 245 

"laparoscopic colectomy in 
octogenarians is...safe" 

Law 2011 Hong Kong 2000 2009 
Academic 
centre 30-day postoperative  

75 years 
and over Colon cancer 

procedures 
performed by 
colorectal specialists not specified not specified 11 439 no 

Lian 2010 USA 1994 2008 

Academic 
"referral 
centre" 30-day postoperative  

Older than 
80 years 

Benign and 
malignant 
disease not specified  emergency cases 

82.5% ASA 3 
or greater 10 194 

laparoscopic colectomy "may 
be performed safely for these 
patients" 

Morris* 2011 England 1998 2006 National data 30-day postoperative  
65 years 
and over  

Colorectal 
cancer not specified not specified 

unable to 
extract 8857* 110,698* No 

Pinto 2011 USA 2001 2008 
Academic 
centre  30 day postoperative 

80 years 
and over 

Benign and 
malignant 
disease not specified 

 emergency and 
perineal procedures, or 
without resection 

64% ASA 3 or 
greater 6 199 

"Laproscopic...resection was 
effective and safe for 
octogenarians" 

POMRC 2011 New Zealand 2005 2009 National data 
30-day AND in-
hospital mortality 

65 years 
and over 

Benign and 
malignant 
disease not specified not specified 

unable to 
extract 176 6,291 no 

Puig-La Calle 2000 USA 1986 1996 

Academic, 
tertiary 
Cancer 
Hospital 30-day postoperative 

75 years 
and over Rectal cancer not specified   nil not specified 2 157 "favorable" outcomes 

Rothwell* 2006 Australia 2000 2003 
Academic 
centre 

30-day  postoperative 
AND death before 
hospital discharge 

Over 65 
years 

Cancer 
surgery 

specialist colorectal 
surgeons 

non-elective and non-
resection procedures 
excluded 

unable to 
extract 4* 236* no 

Rumstadt 2009 Germany 2005 2007 
24 hospitals, 
mixed 30-day postoperative  

70 years 
and over 

Benign and 
malignant 
disease  

enhanced recovery 
protocol 94.7% participation rate 

50.3%ASA 3  
or  greater 8 742 

the protocol "can easily and 
safely be adopted for elderly 
patients". 

Tan 2007 UK 2000 2005 National data 30-day postoperative  
75 years 
and over  

Colorectal 
cancer not specified nil 

47% ASA 3 or 
greater   825 11,494 no 

Tan 2012 Singapore 2005 2008 
Academic 
centre 30-day postoperative 

70 years 
and over 

Benign and 
malignant 
disease 

Standardised 
protocol with 
structured 
rehabilitation, care by 
colorectal surgeons not specified 

22.3% ASA 3 
or greater 26 727 

"laparoscopic surgery in elderly 
patients was safe" 

Wu* 2006 USA 1997 2001 National data 30-day postoperative  
Over 65 
years not specified not specified  emergency cases not specified 882* 12,817* no 

* data from author, 9 results from 8 authors 
** not stated estimated at 2004 
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