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Chapter 8

Abstract

Objective
To determine if composite measures based on process indicators are consistent with short-
term outcome indicators in surgical colorectal cancer care.

Design
Longitudinal analysis of consistency between composite measures based on process 
indicators and outcome indicators for 85 Dutch hospitals.

Setting
The Dutch Surgical Colorectal Audit database, the Netherlands

Participants
4732 elective patients with colon carcinoma and 2239 with rectum carcinoma, treated in 85 
hospitals were included in the analyses. 

Main outcome measures
All available process indicators were aggregated into five different composite measures. 
We investigated the association of the different composite measures with risk-adjusted 
postoperative mortality and morbidity, at patient and hospital level. 

Results
At a patient level, only one of the composite measures was negatively associated with 
morbidity for rectum carcinoma. At a hospital level, we found a strong negative association 
between composite measures and hospital mortality and morbidity rates for rectum 
carcinoma (p<0.05), and hospital morbidity rates for colon carcinoma. 

Conclusions
For individual patients, a high score on the composite measures based on process indicators 
is not associated with better short-term outcome. However, at a hospital level, a good 
score on the composite measures based on process indicators was consistent with more 

favourable risk-adjusted short-term outcome rates.
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Combining process indicators to evaluate quality of care 

Introduction 

Society increasingly demands information on hospitals’ quality of care. Quality of health care 

is defined as “… the degree to which health services for individuals and populations increase 

the likelihood of desired health outcomes and are consistent with current professional 

knowledge85.” Currently, quality indicators play a key role in monitoring quality of surgical 

care in many countries. Based on the Donabedian paradigm, quality indicators are often 

characterized as structure, process or outcome indicators.10 Although outcome indicators 

are seen as ‘the bottom line’ of what surgeons do, valid outcome information, adjusted for a 

hospitals’ case-mix, is commonly not available. Process indicators on the other hand, usually 

selected from evidence based guidelines, give a fair reflexion of what is done for a patient, 

and are more actionable than outcome indicators.86 Therefore, most quality indicators are 

process indicators, based on the assumption that a ‘good care process’, e.g. being treated 

according to the evidence-based guideline, will lead to good outcome. At a hospital level 

this implies that a high percentage of patients treated according to the guideline will be 

related to favourable outcomes. 

Most process indicators are selected on the basis of an assumed or proven relation with 

long-term or disease-free survival. However, long-term outcome reflects the quality of care 

delivered years before the outcome measurement and is therefore less indicative for the 

hospital’s performance at that moment. Therefore, outcome of care is often measured 

by short-term outcome measures such as postoperative mortality, or major morbidity.87 

However, a clear relation between process indicators and short-term outcome indicators has 

not been established.88,89 Moreover, though an individual process indicator may give useful 

information for targeted quality improvement programs, it is difficult to assess guideline 

adherence by means of a list of individual indicators: a hospital may have a high score on 

one indicator, but a low score on another indicator. Therefore, a summarizing measure is 

needed to give a comprehensive judgement of the care delivered in individual hospitals. 

For this purpose, indicators can be aggregated into a composite measure.90 Reeves at all 

summed 5 commonly used methods of constructing composite outcome measures.91 

To monitor and improve the quality of care colorectal cancer patients in the Netherlands, 

the Dutch Surgical Colorectal Audit (DSCA) was initiated in 2009. In the DSCA, patient and 

tumour characteristics together with diagnostic, treatment, pathology and outcome data 

are registered. Using this database, various composite process measures could be tested for 

their consistency with short-term outcome. The aim of the study was to determine whether 

a good score on composite process measures is associated with favourable short-term 

outcomes, on a patient and a hospital level. 
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Chapter 8

Methods

Patients

The dataset was retrieved from the DSCA, a nation wide, web based database in which 

case-mix, diagnostic, treatment, pathology report and clinical outcome data are registered 

of patients that undergo a resection of a first presentation of a colorectal carcinoma in the 

Netherlands. The estimated completeness in the year 2010 compared to the National Cancer 

registry (NCR) was 93% (www.dsca.nl). Overall comparison with NCR was not suggestive 

for patient-selection (www.dsca.nl); the results of the comparison are communicated with 

the hospitals, encouraging completeness and validity of the data. For this study, no ethical 

approval was required.

Inclusion and exclusion criteria

All elective patients with a date of surgery between the 1st of January 2010 and 31st of 

December 2010 treated in one of the 92 Dutch Hospitals who were included in the DSCA 

before March 15th 2011 were evaluated. Patients who underwent an urgent or emergency 

resection, or were treated for a recurrence of a colorectal carcinoma or multiple synchronous 

colorectal tumours were excluded. 

Hospitals that failed to register all patients in 2010 were excluded. Furthermore, as case-mix 

correction is imperative for evaluating outcome of care, hospitals that failed to fill in the 

required case-mix factors for more than 15% of the registered patients were excluded. 

Process indicators

As the process of care for colon cancer (CC) encompasses different aspects than for rectal 

cancer (RC), groups were analysed separately. The indicators used in this study were 

selected from the dataset of the DSCA. This dataset was constructed based on evidence 

based guidelines and extensive literature research, which resulted in a large dataset that was 

reduced to the present dataset by a team of medical experts using the Delphi method.92,93 

All variables available in the DSCA concerning (preoperative) guideline adherence 

were selected for evaluation. As postoperative guideline adherence, such as adjuvant 

chemotherapy for patients with stage 3 colon carcinoma is dependent on postoperative 

outcome,94 postoperative processes of care (except for postoperative pathology reporting) 

were not included. For CC, four process indicators were selected, for RC, six process 

indicators were selected. For the indicator ‘time to treatment < 7 weeks’, records in which 

the date of first biopsy was not available were excluded for the indicator. As there are 

several reasons why a biopsy may not be obtained or the date of the biopsy would not 

be available (e.g. due to referral from another hospital), and no substitute for the date of 

diagnosis was available, the indicator was considered ‘not indicated’ for the patient. For all 

other indicators, the absence of information on the indicator was interpreted as ‘indicator 

has not been met’; ratio being that when information on such important processes of care 

was unavailable to the caregiver, the process was not completed properly. This is in line with 

the current policy of the Dutch healthcare inspectorate. 
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Combining process indicators to evaluate quality of care 

Outcome indicators

Outcome is registered at discharge or 30 days after the resection. Postoperative outcome 

was assessed by two separate outcome measures: postoperative mortality and major 

morbidity. Postoperative mortality was defined as mortality within 30 days after resection. 

Major morbidity was defined as any complication with serious consequences: leading to 

mortality, a reintervention, or to a length of stay longer than 14 days. Selected processes 

and outcome measures are shown in table 1. 

Table 1. Process indicators in the Dutch Surgical Colorectal Audit

Process indicator Definition Inclusion Measures

Complete 
Colonoscopy

Was the colon completely visualized, caecal 
intubation performed, by colonoscopy or CT-
colonograpy before the resection?

CC and RC Staging

Diagnostic tests Was preoperative visualisation of lungs and liver by 
either CT-thorax or X-thorax and CT-abdomen or 
ultrasound respectively, or Pet-CT performed?

CC* Staging

MRI Was the pelvis adequately staged with MR imaging 
before the resection?

RC Staging

MDT Was the patient discussed in a multidisciplinary team 
meeting? In a multidisciplinary team meeting at 
least a surgical oncologist, a medical oncologist, a 
pathologist a radiologist and a radiotherapist had to 
participate

RC Staging

Radiotherapy Did the patient receive adequate neoadjuvant 
radiation therapy?

Patients with RC 
with a clinical T2 
(TNM classification)

Treatment

Time to treatment Was the start of treatment within 7 weeks of 
diagnosis? [www.treeknorm.nl]. The date of 
diagnosis was defined as the date of the first tumour 
positive biopsy, the date of the start of treatment 
was the date of surgery, or, when neo-adjuvant 
treatment was given, the date of the first radiation 
therapy or chemotherapy

CC and RC Waiting time

10+ lymph nodes Were 10 or more lymph nodes described in the 
pathology report? The required number of lymph 
nodes for adequate postoperative staging defined by 
the national guideline is 10 or more

CC Treatment 
and pathology 
report

CRM reported Was the involvement of the circumferential resection 
margin adequately reported pathology report?

RC Pathology 
report

Outcome

Mortality Mortality within 30 days after resection, adjusted for 
case-mix variations

CC and RC Outcome

Morbidity Any complication resulting in a length of stay longer 
than 14 days, a reintervention, or mortality, adjusted 
for case-mix variations

CC and RC Outcome

CC = coloncarcinoma, RC = rectumcarcinoma, pTNM = pathological stage Tumour Node Metastasis system 
CRM = circumferential resection margin
*due to an error in the database the imaging of lung and liver of patients with a rectumcarcinoma was not 
registered.

117

proefschrift.indb   117 29-10-2014   09:44:08



Chapter 8

Combining indicators

We evaluated all methods of combining indicators as described by Reeves and their relation 

to postoperative outcome, at a hospital level and a patient level [Table 2].91 At a hospital 

level we tested five measures: the ‘all or none’, the ‘70% standard’, the ‘patient average’, 

the ‘indicator average’ and the ‘overall percentage’ measure. Differences between the score 

on the latter three composite measures are defined by the proportion of indicators that 

are only relevant for a select group of patients, and the proportion of patients in a hospital 

for whom the indicator is relevant. At a patient level, we tested three measures: the ‘all or 

none’, the ‘70% standard’, and the ‘patient average’. The other two composite measures, 

‘Indicator Average’, and ‘Overall Percentage’ were not applicable at the patient level, as 

they would give the same score as the ‘patient average’. As pointed out by Reeves at al, 

Table 2. Composite measures at hospital and patient level. 

Patient level

All-or-None ‘were all relevant indicators met for this 
patient?’

This is the strictest measure, as no points are 
given when one indicated process is missed.

70% Standard ‘were 70% or more of all relevant indicators 
met for this patient?’

A less strict measure, the standard is met 
when, 70% or more of the indicated care is 
given.

Patient Average ‘the percentage of relevant indicators that 
were met for this patient.’

An analogue measure for the percentage of 
indicators that are met for a patient.

Hospital level

All-or-None ‘the percentage of patients for whom all 
relevant indicators were met’.

This is the strictest measure, as no points 
are given when one indicated process is 
missed.  Nolan and Berwick found this score 
to be the most patient-centred score, as it 
represents the likelihood that ‘all goes well’ 
in a patients process90.

70% Standard ‘the percentage of patients for whom 70% 
of more of all relevant indicators were met.’

A less strict measure, the standard is met 
when, 70% or more of the indicated care is 
given.

Patient Average ‘the mean rate at which relevant indicators 
were met for each patient.’

The percentage of relevant indicators met 
is averaged across all patients. This score 
represents the mean percentage of indicated 
care patients receive in the hospital108.

Indicator Average ‘the mean rate at which each indicator was 
met.’

For each indicator, the percentage of 
patients for whom the indicator was met is 
computed. The scores are averaged across 
all indicators109. This is the most commonly 
used method used by commercial parties in 
the Netherlands, as the individual indicator 
scores are usually the only publicly available 
information.

Overall Percentage ‘the percentage of relevant indicators that 
were met.’

The overall percentage of indicated care that 
was given in a hospital. Example: for 100 
patients and 4 audited indicators, a total 
of 340 indicators were relevant, and 260 
indicators were met, the overall percentage 
was 76%90,110,111.
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Combining process indicators to evaluate quality of care 

distributional properties of the composite measures are unknown, so that standard errors 

could not be calculated;91 measures are presented as mean and range. 

Analyses

Outcomes were adjusted for case-mix factors including: age, gender, comorbidity 

(Charlson-score),95 previous abdominal surgery, Body Mass Index (BMI), American Society 

of Anaesthesiologists (ASA) classification, procedure type (right hemicolectomy, left 

hemicolectomy including transversectomy, sigmoid resection, low anterior resection, 

abdominoperineal resection), local tumour invasiveness (T-stage), disseminated disease 

(M-stage) and additional resection for tumour invasion and/or metastasis. 

We investigated the association of each of the three composite measures and postoperative 

outcome at a patient level and each of the five composite measures and postoperative 

outcome at a hospital level.

At the patient level, to test which of the composite measures was an independent predictor 

for mortality major morbidity, each composite measure was tested in a separate multivariable 

random effects logistic regression model, either for mortality or major morbidity. Odds 

ratios were adjusted for all case-mix factors mentioned above. Hospital of treatment was 

included as a random effect in the analyses. To take in account any possible complex relation 

between patients and the hospital of their treatment influencing the estimated effect of 

composite measures on outcome on a patients level, a sensitivity analysis was performed by 

means of a multivariable, multilevel hierarchical logistic regression model.

As the relationship between composite measures and outcome may be different on a 

hospital level, and possibly even have a different meaning, the data were also analyzed on 

a hospital level. At the hospital level, outcome was adjusted for case-mix by computing an 

expected outcome for each hospital. The hospitals’ expected outcome was derived from 

logistic regression analysis in which all case-mix factors as listed above were included. The 

risk-adjusted mortality or major morbidity rate was computed by multiplying the observed/

expected mortality and major morbidity ratio with the population average mortality and 

major morbidity rate.33,34 We tested the relation of each of the five composite measures 

with hospitals’ risk-adjusted mortality and major morbidity rate using Poisson regression 

analyses. As it is known that small volume hospitals are more prone to statistical chance 

fluctuations, and are therefore more likely to be outliers, the analysis was repeated for large 

volume hospitals (>50 CC or RC resections).

Statistical significance was defined as p<0.05, a trend towards significance was defined as 

0.05>p<0.10. All statistics were performed in PASW Statistics, Rel 18.0.2009. Chicago: SPSS 

inc. and Stata. 
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Chapter 8

Results

Patients

At March 15th 2011, 92 hospitals (8 university hospitals, 46 teaching hospitals and 38 

non-teaching hospitals) registered a total of 8835 eligible patients with a date of surgery 

between January 1 and December 31 2010 in the DSCA. After exclusion of hospitals that 

failed to register all patients (3 hospitals, 16 patients), patients with multiple synchronous 

tumours (253 patients) and urgent and acute patients (1228 patients) and hospitals that 

had not recorded case-mix details factors for more than 15% of their patients (367 patients, 

4 hospitals) a total of 6971 patients (4732 CC and 2239 RC) treated in 85 hospitals were 

included in the analyses. Of these hospitals, 43 were high volume (>50 procedures) for CC 

and 9 were high volume for RC.

Process indicators and outcome

Table 3 shows the indicators and outcome, at patient and hospital level, with their respective 

95% confidence intervals. For all indicators missing data were less than 2%, except for time 

to treatment, in which date of first tumour positive biopsy was missing in 9.2%. For these 

patients, the indicator was considered irrelevant. Average scores on separate indicators 

were more than 80%, except for ‘complete colonoscopy’ (70-77%), ‘time to treatment’ for 

Table 3. Average scores for the indicators and outcome for the patient population (patient level) and at a 
hospital level

Level Colon cancer Indicator Population 
average

Rectal cancer Indicator Population 
average

Patient Complete Colonoscopy 70% Complete Colonoscopy 77%

Diagnostic tests 90% MRI 90%

10+ lymph nodes 79% MDT 89%

Time to treatment 86% CRM reported 59%

Time to treatment 75%

Radiotherapy 88%

Outcome Outcome

Mortality 3% Mortality 2%

Morbidity 21% Morbidity 28%

Hospital 
average

Range Hospital 
average

Range 

Hospital Complete Colonoscopy 71% 47-100% Complete Colonoscopy 77% 33-100%

Diagnostic tests 91% 22-100% MRI 88% 0-100%

Time to treatment 85% 41-100% MDT 90% 0-100%

10+ lymph nodes 79% 43-97% Time to treatment 75% 0-100%

Radiotherapy 86% 0-100%

CRM reported 62% 0-100%

Outcome Outcome

Mortality$ 3.6% 0-19% Mortality 2.1% 0-19%

Morbidity$ 21% 6.4-39% Morbidity 27% 0-58%

$ risk adjusted outcome rate: observed outcome/expected outcome multiplied by the population average.
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Combining process indicators to evaluate quality of care 

RC (75%), ‘10+ lymph nodes’ (79%) and ‘Circumferential Resection Margin (CRM) reported’ 

(59%). Population mortality rate for CC was 3.6 and 2.1% for RC; Major morbidity rate was 

20.8% for CC and 27.2% for RC. 

Composite measures 

Although the ‘patient average’ was high (75% for CC and 80% for RC) for only 45% of CC 

patients and 29% of RC patients all indicators were met (‘all or none’ measure) [Table 4]. 

Similarly, average hospital scores on composite measures were high, but there was a wide 

range in performance. For CC, there were hospitals in which fewer than 10% of patients 

received all the indicated care (‘all or none’ measure), but also hospitals in which for 83% of 

patients all indicators were met. For RC, hospital score on the ‘all or none’ measure ranged 

from 0 to 100%. 

Table 4. Average scores for the composite measures at patient and hospital level

Level Colon cancer 
Indicator

Population 
average

Rectal cancer 
Indicator

Population 
average

Patient level All or none 45% All or none 29%

70% standard 78% 70% standard 69%

Patient average 75% Patient average 80%

Hospital 
average

Range Hospital 
average 

Range 

Hospital level All or none 45% 8-83% All or none 29% 0-100%

70% standard 78% 41-96% 70% standard 71% 0-100%

Patient average 81% 59-95% Patient average 80% 50-100%

Indicator average 81% 61-95% Indicator average 80% 47-100%

Overall percentage 81% 60-95% Overall percentage 80% 50-100%

Composite measures and outcome, patient level

Table 5 shows the odds ratios of the three composite measures for mortality and major 

morbidity at patient level: the ‘all or none’, ‘70% standard’ and ‘patient average’, after 

adjustment for case-mix and hospital effect in a multivariable analysis. This table shows that, 

for CC, none of the composite measures was associated with outcome. However, for RC 

the ‘70% standard’ measure showed a negative association (OR =0.8, p=0.04) with major 

morbidity. A sensitivity analysis using a multilevel hierarchical model did not change the 

results substantially (table 5). 

Composite measures and outcome, hospital level

At hospital level, all composite measures were associated with lower risk-adjusted major 

morbidity rates for CC. However none of the composite measures for guideline adherence 

was associated with hospital risk-adjusted mortality, although the ‘all or none’ method 

showed a trend towards a negative association (p=0.07) [Table 6]. For RC, a high score on 

guideline adherence measured by any of the composite measures was significantly associated 
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Chapter 8

with a lower risk-adjusted mortality and major morbidity rate, except for the ‘70% standard’ 

measure, which showed a trend towards a negative association with mortality (p=0.10). 

When the analysis was repeated for high volume hospitals only (50 or more procedures), all 

composite measures, accept for the ‘70% standard’, were also significantly associated with 

risk adjusted mortality for CC. All other associations remained significant (data not shown). 

Discussion

The aim of this study was to measure consistency of composite measures based on process 

indicators, and outcome indicators. This study shows that a high hospital score on composite 

process measures is consistent with better risk-adjusted short-term outcome rates. However, 

Table 5. Odds ratios of composite measures for outcome, at a patients’ level, as derived from a multivariable 
random-effects logistic regression model, and from multivariable multilevel hierarchical logistic regression 
model.

Patient level All or none 70% standard Patient 
average 

Log 
regression

Multilevel 
model

Log 
regression

Multilevel 
model

Log 
regression

Multilevel 
model

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Colon carcinoma

Mortality 1.0 (0.7-1.4)
p=0.9

1.0 (0.1-7.4)
p=0.9

0.8 (0.6-1.3)
p=0.4

0.8 (0.1-8.0)
p=0.9

0.9 (0.4-2.1)
p=0.8

0.9 (0.1-107)
p=0.9

Morbidity 0.9 (0.8-1.1)
p=0.2

0.9 (0.8-1.1)
p=0.3

1.1 (0.9-1.2)
p=0.6

1.1 (0.9-1.3)
p=0.6

0.8 (0.6-1.2)
p=0.5

0.9 (0.6-1.3)
p=0.5

Rectum carcinoma

Mortality 0.4 (0.1-1.2) 
p=0.1

0.4 (0.0-218)
p=0.8

0.6 (0.3-1.3)
p=0.2 

0.6 (0.01-33.7)
p=0.8

0.2 (0.04-1.6) 
p=0.1

0.2 (0.0-7952)
p=0.8

Morbidity 0.9 (0.7-1.1) 
p=0.4

0.9 (0.7-1.1)
p=0.4

0.8 (0.6-1.0) 
p=0.04

0.8 (0.6-1.1)
p=0.06

0.7 (0.4-1.4) 
p=0.3

0.7 (0.4-1.4)
p=0.4

Table 6. Rate ratios of composite measures for outcome, at hospital level, as derived from a Poisson regression 
model.

All or none 70% standard Patient average Indicator average Overall %

RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)

Colon Carcinoma

Mortality$ 0.5 (0.2-1.1)    
p=0.07

1.0 (0.4-2.8)    
p=0.9

0.4 (0.1-2.0)        
p=0.2

0.3 (0.1-1.8)        
p=0.2

0.3 (0.1-1.8)        
p=0.2

Morbidity$ 0.5 (0.4-0.7) 
p<0.001

0.5 (0.3-0.7) 
p=0.001

0.3 (0.1-0.6)    
p=0.001

0.3 (0.1-0.5)     
p<0.001

0.3 (0.1-0.8)    
p=0.001

Rectum Carcinoma

Mortality$ 0.02 (0.01-0.1) 
p<0.001

0.6 (0.3-1.1) 
p=0.1

0.07 (0.02-0.3) 
p<0.001

0.1 (0.03-0.5)  
p=0.003

0.07 (0.02-0.3) 
p<0.001

Morbidity$ 0.4 (0.3-0.5) 
p<0.001

0.6 (0.5-0.8) 
p<0.001

0.4 (0.2-0.5)    
p<0.001

0.4 (0.3-0.7)    
p<0.001

0.4 (0.2-0.6)    
p<0.001

RR: rate ratio; CI: confidence interval; $ risk adjusted hospital mortality or major morbidity rate: Observed / 
Expected * population average
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Combining process indicators to evaluate quality of care 

for the treatment of an individual patient, a high score on composite process measures 

was not clearly associated with better outcome. This indicates that being treated according 

to the guideline is not necessarily predictive for a better postoperative outcome for the 

individual patient, but a hospital’s score on guideline adherence gives a good indication of 

the quality of care in a hospital. 

The results of this study should be interpreted in the light of some limitations. First, although 

the dataset of the DSCA 2010 was more complete than several other national registries96, 

the estimated completeness of the DSCA in 2011 was 93%.  However, comparison with 

the NCR showed no overall differences in patient, tumour, procedural and outcome data. 

Therefore, it is unlikely that the results would have been influenced to a great extent by the 

missing 7%. Second, the indicators used in this study were similar to the indicators used 

in previous studies.97-102 The validity of some of these indicators is still under debate,103 

as some of the selected processes, such as ‘complete colonoscopy’ and ‘radiotherapy’ 

are influenced by case-mix and patients preferences. However, as non-elective patients 

were excluded and outcome data were adjusted for differences in patient and tumour 

characteristics, it is unlikely that case-mix and patient preferences affected our results to 

a great extent. Another limitation is the absence of long-term follow-up results. As most 

quality indicators are based on evidence-based guidelines and a relation with long-term 

outcome, an association with long-term outcome would be expected. Unfortunately, 

long-term results were not yet available when this study was completed. However, although 

long-term outcome, combining both operative and oncologic outcome, may be a more 

valid outcome measure, it reflects the quality of care delivered one to five years before the 

outcome measurement and is therefore less indicative for the hospital’s performance at that 

moment. Short-term outcome on the other hand, reflects the quality of recently delivered 

care, and is therefore commonly used for performance measurements.

Currently, hospital performances in the Netherlands are compared based on a list of process 

indicators. Previous studies have investigated the relation between process and outcome, 

with inconsistent results.88,89 Possible explanations for the inconsistent results are sample 

sizes too small to reliably assess hospital performances on outcome indicators, and variation 

in hospital performances on different indicators.89,104,105 Bradley at all. investigated the 

relation of individual indicators and outcome after acute myocardial infarction, and found 

varying results. However, when indicators were aggregated into a composite measure, there 

was a significant relation with outcome.106 Similarly, Stullberg at al. found a significant 

association between a composite process measure for infection-prevention and a lower 

probability for postoperative infection, but could not reproduce this finding for any of the 

individual process measures.107 Habib et al found no association between a composite 

measure based on process indicators and outcome for colorectal cancer resections in 

Australia.102 However, outcome measures were not adjusted for hospital variations in 

case-mix. 
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Chapter 8

In this dataset, none of the composite measures were associated with outcome on a patients 

level. However, we did find an association between composite measures and outcome on 

a hospitals’ level. Possibly, on a patient level, other factors, such as patient related factors, 

are stronger predictors for outcome than the number of indicated process indicators met for 

the patient, while on a hospital level, composite measures for process indicators may reflect 

the underlying quality of care in a hospital. All composite measures showed a negative 

association with major postoperative morbidity. In the full analysis (including small volume 

hospitals), none of the composite measures was associated with hospital mortality rates 

for CC, but when analyses was repeated in only high volume hospitals, we found a strong 

relation with all but one of the composite measures. As outcome rates in low volume 

hospitals are more susceptible to chance fluctuations, results of small volume hospitals may 

have weakened the association between guideline adherence and mortality for CC at the 

hospital level. For RC the relation between guideline adherence and postoperative mortality 

was also clear in the full analysis. This may be the effect of the larger number of indicators 

used to assess guideline adherence for RC, but it may also reflect the more complex process 

of care for patients with an RC, in which only well organized and more dedicated hospitals 

succeed. As the association between guideline adherence and short-term outcome on a 

hospital level is unlikely to be explained by a causal relation, there may be other underlying 

processes and structural differences between hospitals, responsible for this association. 

Identification of these underlying processes and structures may help to improve quality of 

care in all hospitals.  

As all composite measures showed a strong association with hospital major morbidity rates, 

we cannot recommend one specific composite measure based on our results. However, the 

‘70% standard’ was the only measure which was not consistent with mortality for RC and 

CC (high volume hospitals only). Possibly, the percentage of patients who received 70% of 

indicated care is an insufficiently strict measure to indentify good quality hospitals. These 

results support the ideas advocated by Nolan and Berwick, 90 that the relationship between 

the completeness of the process and outcome is not continuous, but determined by the 

completion of all indicated processes. These ideas are also adopted by the Institute for 

Healthcare Improvement (IHI, www.ihi.org), which developed ‘bundles’: a set of evidence 

based practices, that, when performed collectively and reliably, have been proven to improve 

patient outcomes. The IHI advocates measuring compliance as ‘the percentage of patients 

who receive all elements of the bundle’: the ‘all or none’ measure. Although our results do 

not support one of the remaining four measures, the choice for a composite measures may 

be dictated by other factors such as the availability of data at patient level, required for all 

measures but the ‘indicator average’, and patient’s preferences. Future research should be 

directed to identifying the composite measure most comprehensible and informative for 

healthcare consumers. 
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Conclusions

Guideline adherence in the process of care for colorectal cancer patients is not associated 

with better short-term outcome for the individual patient. However, hospitals with favourable 

scores on guideline adherence also have better postoperative outcome rates. When 

measuring quality of care for colorectal cancer patients by means of composite process 

measures, the ‘all or none’ the ‘patient average’, ‘indicator average’ or ‘overall percentage’ 

seem equally suitable measures as they were all consistent with hospital outcome indicators. 

However, the drive to have a good score on process indicators should never compromise 

good, personalized medicine: giving the right treatment at the right time to the right patient.  
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