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aBstraCt

Background: Postoperative mortality is frequently used in hospital 
comparisons as marker for quality of care.  Differences in mortality 
between hospitals may be explained by varying complication rates. 
A possible modifying factor may be the ability to let patients with a 
serious complication survive, referred to as failure to rescue (FTR). 

Purpose of this study is to evaluate how hospital performance on 
postoperative mortality is related to severe complications or to FTR 
and to explore the value of FTR in quality improvement programs.

Methods: All patients operated for colorectal cancer from 2009-
2011, registered in the Dutch Surgical Colorectal Audit, were 
included. Logistic regression models were used to obtain adjusted 
mortality- complication- and FTR rates. Hospitals were grouped 
into 5 quintiles according to adjusted mortality. Outcomes were 
compared between quintiles. 

Results: 24 667 Patients were included. Severe complications ranged 
from 19% in the lowest to 25% in the highest mortality quintile 
(OR=1,5; 95% CI 1,37-1,67). Risk-adjusted FTR rates showed a 
marked difference between the quintiles, ranging from 9 to 26% 
(OR=3.0; 95% CI 2,29-3,98). There was significant variability in 
FTR rates. Seven hospitals had significantly lower FTR rates than 
average.

Conclusions: High-mortality hospitals had slightly higher rates of 
severe complications than low-mortality hospitals. However, FTR 
was three times higher in high-mortality hospitals than in low-
mortality hospitals. In quality improvement projects, feedback to 
hospitals of FTR rates- along with complication rates- may illus-
trate shortcomings (prevention or management of complications) 
per hospital, which may be an important step in reducing mortality.
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IntroduCtIon

Increasingly, society focuses on effectiveness and efficiency in health-
care, and differences in hospital performances have become subject 
to research. Recent studies have shown great differences in hospital 
(surgical) mortality rates1,2 even after adjustment for differences in 
case-mix3. One of the explanations of these differences is sought in 
the handling of postoperative complications, eg. ‘failure to rescue’ 
(FTR). 

The term, introduced by Silber et al.4 is defined as “the mortality rate 
among patients with complications”. These authors found that hospi-
tal rankings based on adjusted complication rates did not correlate 
with rankings based on adjusted mortality rates. Ghaferi et al. defined 
FTR as “mortality among patients with serious complications” and 
found that hospitals with high mortality rates had higher FTR rates 
rather than higher complication rates5-7. Almoudaris et al. introduced 
the term “failure-to-rescue-surgical”, defined as death among patients 
that underwent reoperation. These authors found that hospitals with 
high mortality rates had higher death rates among patients that un-
derwent reoperation after colorectal surgery, while reoperation rates 
were the same in high- and low-mortality hospitals8.

Colorectal surgery is considered high-risk surgery as it brings 
along a relatively high risk of complications. Patients that experience 
a complication have a substantial increase in risk of dying9. Hence, 
mortality and complication rates are considered important outcome 
measures in colorectal surgery. 

Many publications on FTR used administrative data, in which the 
risk of identifying preoperative conditions as a postoperative compli-
cation is substantial10,11. The valuable insight into “failure to rescue” 
that the publication based on the National Surgical Quality Improve-
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ment Program (NSQIP) clinical dataset provided, lacked details on 
procedure-specific complications such as anastomotic leak5. After 
the example of the NSQIP and other international audits, in 2009 the 
Dutch Surgical Colorectal Audit (DSCA) was introduced12, in which 
approximately 95% of patients undergoing surgery for colorectal 
cancer in the Netherlands are included.  By clarifying the hospital 
variation of FTR on a national level, its potential value in quality 
improvement programs is explored.

The aims of this study are to evaluate: 
1. to what extent mortality rates after colorectal surgery vary be-

tween Dutch hospitals, when adjusted for casemix
2.  whether, and to what extent, hospitals with higher mortality rates 

have higher severe complication rates 
3. whether, and to what extent, hospitals with higher mortality rates 

have higher FTR rates 
4. the variability in FTR after colorectal surgery between Dutch 

hospitals and the presence of positive and negative outliers

Methods

Data was derived from the DSCA, a national quality improvement 
project in which over 200 variables concerning patient and tumor 
characteristics, treatment, and outcomes are collected prospectively. 
All 92 hospitals performing colorectal cancer surgery participate. The 
dataset shows a high level of completeness on most items, including 
anastomotic leakage on validation against the National Cancer Reg-
istry (NKR) dataset13,14. Information concerning individual patients 
and hospitals are made anonymous, making it possible to compare 
hospitals without identifying them.
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patients
For this study, no ethical approval or informed consent was required 
under Dutch law.

All patients (n=26 410) undergoing surgical resection for primary 
colorectal cancer between the 1st of January 2009 and 31st of De-
cember 2011, and registered in the DSCA before March 15th 2012, 
were evaluated. 

Minimal data requirements to consider a patient eligible for 
analyses were information on tumor location, date of surgery, com-
plications and mortality (25 591 eligible patients).  To minimize the 
risk of selection bias, patients from hospitals that failed to register 
more than 10 patients in a year were excluded (36 patients from nine 
hospitals in 2009, none in 2010 and 2011).  To analyze a clinically 
homogenous patient cohort, patients with multiple synchronous 
tumors (n=888) were excluded.

From the subset of patients operated in 2011 (n=8885), a detailed 
description of both surgical and non-surgical complications was 
available.

Mortality
The definition of mortality is shown in panel 1. Potential patient- and 
disease-specific risk factors (casemix) for mortality were selected 
from the dataset. The methods used to calculate the expected mor-
tality have been described in an earlier publication by the Dutch 
Surgical Colorectal Audit group3. In univariate analysis, categorical 
variables were compared by χ2 tests, while 2-sample t tests were used 
for continuous variables. A 2-sided P ≤ 0.05 was considered statisti-
cally significant, but casemix factors were selected for multivariate 
analysis when reaching a significance of p<0.10. Backward stepwise 
logistic regression models were employed to estimate the final model 
and calculate expected rates of mortality. The casemix factors age, 
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sex, American Society of Anesthesiologists (ASA) classification, 
Charlson co-morbidity index, body mass index (BMI), emergency 
surgery, tumor location, preoperative complications from the tumor, 
oncologic stage and neoadjuvant therapy proved to be contributing 
to the correction model. Data were aggregated on hospital level and 
observed-to-expected rates were multiplied with the average mor-
tality in the study population in order to obtain casemix-adjusted 
mortality rates. Hospitals were grouped into five equally sized, risk-
adjusted quintiles of mortality according to previous publications5,8.

severecomplications
With the same methods, adjusted severe complication (see panel 1 
for definitions) rates were calculated for each hospital. The casemix 
factors sex, ASA classification, Charlson co-morbidity index, BMI, 
emergency surgery, tumor location, pre-operative complications, 
oncologic stage and additional resections for extended disease were 
significant contributors to the model. Adjusted severe complication 
rates were compared between the mortality quintiles. 

failure-to-rescue
For FTR, the casemix factors age, sex, ASA score, Charlson co-mor-
bidity index, emergency surgery, oncological stage and neoadjuvant 
therapy contributed to the model. Adjusted FTR rates were compared 
between the mortality quintiles. 

hospitalvariationandoutliersinftr
A mixed logistic regression model with hospitals as random effects 
was employed to account for the presence of variability between 
hospitals. 

The fixed effects predictors in the model are the same as employed 
in the first model for FTR described before. The variance in the ran-
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dom effects model quantifies the degree of variation in the outcome 
between hospitals after adjustment for case mix. The likelihood ratio 
test was used to assess whether the variance of the random effect 
was significant.

The adjusted FTR rates per hospital are presented in a funnel plot, 
showing the overall average FTR rate with its 95% confidence limits, 
based on a Poisson distribution, varying in relation to the population 
size. The plot allows to identify hospitals with FTR rates that are 
significantly higher or lower than average.

Statistical analyses were performed in PASW Statistics, Rel. 20.0.2012 
(SPSS inc., Chicago, Il) and R 2-14 (http://cran.r-project.org/).

results

patientcharacteristics
A total of 24 667 patients, registered by 92 hospitals met the inclu-
sion criteria and were included in the study. Hospitals were grouped 
according to adjusted mortality rates and the total group of hospitals 
was divided into quintiles. Patient characteristics are displayed in 
table 1. There was no evidence of systematic differences in case mix 
across hospital quintiles, as reflected by quite similar overall expected 
rates of death per quintile, based on casemix. Average mortality was 
4.3% and the percentage of patients with a severe complication was 
23%. 
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Mortality
After adjustment for casemix, a marked variation in mortality rates 
between hospitals was observed ranging from 1 to 9 %. Figure 1 
shows the hospitals grouped in risk-adjusted mortality quintiles (left 
series).

Each quintile represents a group of hospitals with a different (ad-
justed) mortality rate, the first mortality quintile having the lowest 
casemix-adjusted mortality (2 %), with adjusted mortality increasing 
stepwise per quintile to 6.6% in the 5th (highest) quintile. The OR for 
mortality of the highest quintile was 3,5 (95% confidence interval 
2,79 – 4,54; p<0,001) compared to the lowest quintile. The other 

1,64

0%

5%

10%

15%

20%

25%

30%

mortality   severe complications  FTR

Q1 Q5 Q1 Q5 Q1 Q5

OR=1
(ref)

2,13
2,66

3,56

OR=1
(ref)

1,14

1,42

1,25

1,52

OR=1
(ref)

1,50

1,69

2,47

3,02

figure1:risk-adjusted mortality, severe comalication, and FTR rates aer quintile. Odds 
ratios are  given, comaared to quintile   (reference). RR=relative risk; Q= mortality quintile; 
FTR= failure to rescue



98

Caater 5

quintiles had significantly higher adjusted mortality rates than the 
first quintile as well.

severecomplications
An increase in adjusted percentage of patients with a severe compli-
cation was observed when comparing the lowest to the highest mor-
tality quintile (figure 1, middle series).  The percentages ranged from 
19% in the lowest to 25 % in the highest mortality quintile- with the 
OR for severe complications of the highest being 1,5 (95% confidence 
interval 1,37 – 1,67; p<0,001) compared to the lowest quintile. The 

table2:details of tCe severe comalications in tCe subset of aatients oaerated in 20  .

totalno.ofpatients(2011)  8885(100%)

Any severe comalication   882 (2 ,2%)

Surgical comalications   

anastomotic leak 440 (5,0%)

intra-abdominal abcess  39 ( ,6%)

aostoaerative CaemorrCage 5  (0,5%)

ileus  06 ( ,2%)

fascial deCiscence 99 ( , %)

iatrogenic bowel injury 34 (0,4%)

iatrogenic injury to ureter/bladder    (0, %)

otCer  87 (2, %)

General comalications
  

Pulmonary 4 5 (4,6%)

ardiac 222 (2,4%)

TCrombo-embolic 45 (0,5%)

Seatic/infectious (non-aulmonary, 
non-surgical)

2 6 (2,4%)

Neurologic 74 (0,8%)

OtCer 367 (4, %)
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other quintiles had significantly higher adjusted severe complication 
rates than the lowest quintile as well. 

Details of the severe complications in the subset of patients operated 
in 2011 are displayed in table 2.

failure-to-rescue
The OR of FTR in the highest mortality quintile was 3.0 (95% confi-
dence interval 2,29 – 3,97, p<0.001) compared to the lowest mortal-
ity quintile, with an incremental increase per quintile (figure 1, right 
series). The difference in FTR rate was also significant for the other 
quintiles when compared to the lowest quintile.

hospitalvariationandoutliers
The variance in the random effects model quantified the degree of 
variation in FTR between hospitals; this was 0.09 with a standard 
error of 0.038.  A likelihood ratio test showed that the variance of the 
random effects was statistically significant.

Figure 2 shows that the adjusted FTR rates of the 92 hospitals varied 
between 0 and 39%. For 85 hospitals (92%), results were within the 
95%-confidence limits of the average. Seven hospitals showed sta-
tistically significant lower percentages than average. Each hospital 
is colored according to mortality quintile: the hospitals in the lower 
mortality quintiles fill the lower regions of the funnel plot, and the 
hospitals in the higher mortality quintiles are displayed on the higher 
part of the funnel plot. 
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dIsCussIon

Colorectal surgery is not without adverse events. This study ac-
knowledges the fact that postoperative casemix-adjusted mortality 
rates after colorectal surgery vary by hospital.  Our study shows that 
higher mortality rates seem to be only partially explained by higher 
rates of severe complications: the 1,5-fold increase in severe com-
plication rate seems insufficient to explain the 3-fold increase in 
mortality between the first and fifth quintile. Failure to rescue  seems 
to play a role as modifying factor, with a vast increase in failure to res-
cuebetween the lowest and highest mortality quintile. Moreover, we 
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Number of patients with a severe complication 2009 -2011
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Lower 95% con�idence interval

national average FTR rate

figure2:funnel alot sCowing differences in risk-adjusted failure to rescue  (FTR) rates 
between Cosaitals
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demonstrated that there was variability in FTR between individual 
hospitals, after adjusting for casemix.

High- and low-mortality hospitals were distinguished by their ability 
to treat and save patients with severe complications. These findings 
are consistent with recent literature5-8. 

Our study adds that in a specific, homogeneous group of surgical 
procedures, colorectal cancer surgery, failure to rescue plays an 
important role in explaining the variability in hospital mortality. The 
dataset we used was disease-specific and did, unlike some other stud-
ies, include anastomotic leak. Therefore we were able to accurately 
characterize the impact of failure to rescue on mortality in patients 
that underwent colorectal surgery. Secondly, this paper is the first 
from the European continent that describes hospital variation in 
FTR, whereas most publications concerning FTR originate from the 
United States4-7 or United Kingdom8. Despite differences in health 
care systems, FTR seems to be the main determinant of differences 
in hospital mortality after colorectal surgery in populations from dif-
ferent countries. Moreover, we found that FTR rates vary significantly 
between hospitals, with some hospitals having a significantly lower 
FTR rate than average (“best practices”).  

The study has some limitations. Firstly, since data are self-reported, 
registration bias cannot be excluded. However, the dataset is vali-
dated against the independently collected data of the Dutch National 
Cancer Registry, showing a very high rate of case-ascertainment, 
completeness and accuracy in terms of patient demographics, tumor 
stage, comorbidity, treatment and mortality14. The dataset consists 
of detailed, prospectively collected clinical data, registered by or 
under direct responsibility of colorectal surgeons. This avoids the 
problem that the use of administrative data brings along: difficulties 
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in correctly distinguishing a comorbid illness from a postoperative 
complication11. 

The definition of a severe complication used in this study is arbi-
trary but it is believed to exclude the minor complications such as 
simple urinary tract infections or minor wound problems not hinder-
ing the postoperative course. However, it cannot be ruled out that 
some patients with a minor complication, who spent more than 14 
days in the hospital due to other reasons, were incorrectly identified 
as having a severe complication. On the other hand, with the defini-
tion used in this study, a small number of mortality cases were not 
covered by our definition of a severe complication. Therefore we 
performed additional analyses using alternative definitions of severe 
complications (1. with all mortality cases included in the “severe 
complication” measure; 2. with exclusion from the data set of the 62 
mortality cases with no postoperative complication), showing very 
similar results. However, the severity of illness associated with com-
plications like anastomotic leak may vary widely. These differences 
may level out in larger groups of patients treated per hospital. How-
ever, we cannot exclude that differences in severity of complications 
between hospitals may have influenced the variation in FTR rates. 

A possible form of bias may have emerged from complicated 
patients transferred to another hospital, dying after transfer. How-
ever, as a minimum of facilities (e.g. ICU) is mandatory for hospitals 
performing colorectal surgery in the Netherlands, patients with 
complications are rarely transferred. In this uncommon situation 
the mortality is ascribed to the hospital that performed the initial 
operation.  

A drawback of using FTR is that it is a short-term outcome, whereas 
patients that experienced a complication following colorectal surgery 
are known to have a higher risk of mortality up to a year after the 
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procedure15-17. The post-discharge period may be just as important 
as the immediate postoperative period, when aiming at improving 
mortality rates. 

Nonetheless, the hospital variation in FTR rates may reflect dif-
ferences in the postoperative care process. What these differences 
are, is beyond the scope of this study. Probably, FTR is affected by 
many factors including the usual postoperative care at each hospi-
tal, availability of resources like interventional radiology or a high 
level of Intensive Care facilities, staffing factors and equipment. 
Suggested factors related to FTR are nurse-to-patient ratios18-19, high-
technology status of a hospital (i.e., does the hospital perform organ 
transplant surgery open-heart surgery)19, higher case-volume6 and 
teaching status6. Probably as important as these structural factors 
are preoperative risk-assessment and appropriate case-selection, 
multidisciplinary treatment of patients with comorbid illnesses and 
timely recognition of complications. An active surveillance protocol 
has been shown to reduce the delay in diagnosis of anastomotic 
leak20. Whether the hospitals with lower FTR rates had a shorter 
delay between the onset of symptoms and the start of treatment of 
the complication is unknown and should be subject of further re-
search- ideally not only focusing on anastomotic leakage but also on 
non-surgical complications. In the context of quality improvement, 
feedback of complications and FTR rates to hospitals illustrates 
shortcomings (management or prevention of complications), allow-
ing targeted improvement efforts. Based on the results of this study, 
the DSCA started using FTR as feedback information to participating 
hospitals, enabling surgeons to evaluate detection and treatment of 
complications. Best practices can be identified and knowledge can be 
shared between surgical teams from different hospitals. 
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In conclusion, although the incidence of severe postoperative compli-
cations differed slightly across mortality quintiles, the adjusted rate 
of death in patients with a severe complication (failure to rescue) 
was markedly higher in hospitals with higher overall mortality. The 
chance that a patient dies once a severe complication has emerged 
was three times higher in a high-mortality hospital than in a low-
mortality hospital. FTR rates show a wide, significant variation 
between hospitals, with seven hospitals having a significantly lower 
FTR rate than average. More research is needed to identify the under-
lying mechanisms and structural factors that account for differences 
in FTR rates between hospitals. 

defInItIons

Severe complication: a complication leading to a surgical, 
endoscopic or radiological reintervention or to a in-hospital 
stay of more than 14 days, or to death.

Mortality: A patient that died within 30 days after the operation 
or within the same admission. 

Failure to rescue: The percentage of patients with a severe 
complication that dies. (Number of patients that died second-
ary to a severe complication) / (total number of patients that 
experienced a severe complication)

panel1:definitions used in tCe current study
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