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Abstract

Background: Emergency colon cancer surgery is associated with increased mortality and com-
plication risk, which can be due to differences in the organization of hospital care. This study
aimed.
Objective: To explore which structural factors in the preoperative, perioperative and postoperative
periods influence outcomes after emergency colon cancer surgery.
Methods: An observational study was performed in 30 Dutch hospitals. Medical records from 1738
patients operated in the period 2012 till 2015 were reviewed on the type of referral, intensive care
unit (ICU) level, surgeon specialization and experience, duration of surgery and operating room
time, blood loss, stay on specialized postoperative ward, complication occurrence, reintervention
and day of surgery and linked to case-mix data available in the Dutch Colorectal Audit. Multivariate
logistic regression analysis was used to estimate the influence of these factors on 30-day mortality,
severe complication and failure to rescue (FTR), after adjustment for case-mix.
Results: Patients operated by a non-Gastro intestinal/oncology specialized surgeon have signifi-
cantly increased mortality (Odds Ratio (OR) 2.28 [95% confidence interval (95% CI) 1.23–4.23]) and
severe complication risk (OR 1.61 [95% CI 1.08–2.39]). Also, duration of stay in the operating room
was significantly associated with increased risk on severe complication (OR 1.03 [95% CI 1.01–1.06]).
Patients admitted to a non-specialized ward have significantly increased mortality (OR 2.25 [95%
CI 1.46–3.47]) and FTR risk (OR 2.39 [95% CI 1.52–3.75]). A low ICU level (basic ICU) was associated
with a lower severe complication risk (OR 0.72 [95% CI 0.52–1.00]). Surgery on Tuesday was asso-
ciated with a higher mortality risk (OR 2.82 [95% CI 1.24–6.40]) and a severe complication risk (OR
1.77, [95% CI 1.19–2.65]).
Conclusion: This study identified a non-specialized surgeon and ward, operating room, time and
day of surgery to be risk factors for worse outcomes in emergency colon cancer surgery.

© The Author(s) 2021. Published by Oxford University Press on behalf of International Society for Quality in Health Care. 1
This is an OpenAccess article distributed under the terms of the Creative CommonsAttribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted
reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
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Introduction

Colon cancer surgery is a commonly performed procedure; never-
theless, among emergency cases, it is associated with a high risk on
mortality and complications [1, 2]. Reducing this high risk remains
an important objective for quality improvement initiatives. Previous
studies identified several patient factors to increase the risk on mor-
tality and complications in colorectal cancer surgery [3–5]. However,
other factors including a different organization of care in emergency
colorectal cancer surgery may be associated with increased risks and
thereby relevant to improve quality of care.

Quality of care, as described by the Donabedian model [6], is a
combination of structural factors, process and outcomes. Structural
factors, such as the hospital size, level of intensive care unit (ICU)
and nurse–patient ratio, have been reported to influence outcomes
[7, 8]. However, the study by Sheetz et al. [9] showed that some
of the included structural factors, together with patient characteris-
tics and surgical volume, could only explain part of the variability
in death after a severe complication (failure to rescue (FTR)) fol-
lowing major surgery. They suggested micro-system characteristics
rather than the above macro-level characteristics to be important in
improving outcomes.

As a proxy for a possible different organization, several recent
studies have investigated whether there is inferior quality of care
during weekends compared to weekdays and if this explains the
weekend effect as found in previous studies [10, 11]. In the Nether-
lands, a recent study on emergency colorectal cancer surgery, using
prospectively collected clinical data from the Dutch ColoRectal Audit
(DCRA), showed worse outcomes in mortality and severe complica-
tion after weekend emergency surgery for colon cancer [12]. Part of
the possible explanation for the worse outcomes observed in surgery
during weekends is a difference in organization affecting the quality
of care [10, 11] around surgery or during the postoperative recov-
ery period. However, as day of surgery is only a proxy for possible
organizational differences, the question remains whether we can
more specifically identify structural factors associated with worse
outcomes.

The aim of the current study therefore was to investigate which
structural factors related to the preoperative, perioperative and post-
operative care influence outcomes after emergency colon cancer
surgery using data from the DCRA and (electronic) medical records.
The DCRA is a nationwide quality improvement audit initiated in
2009 for measuring and improving quality of care for colorectal
cancer surgery [13].

Methods

Study design and setting
An observational study was performed using record review com-
bined with DCRA data. A more detailed description of the DCRA is
published elsewhere [13]. All hospitals in the Netherlands (n=88)
performing colorectal cancer surgery were asked to participate in
this study. In total, 30 hospitals agreed to participate. These hospi-
tals were situated across the 12 provinces in the Netherlands among

which 3 were university hospitals, 17 were teaching hospitals and 10
were general hospitals.

Study population
All patients from the participating hospitals who underwent an emer-
gent or urgent surgical resection of a colon tumour in the period
2012 until 2015 were included (n=1749). Urgent is defined as non-
elective surgery but scheduled at least 12 hours before surgery, and
emergent is defined as non-elective surgery that needs to be sched-
uled within 12 hours. In this paper, urgent and emergent are com-
bined and referred to as emergency surgery. Those with synchronous
tumours, ‘wait-and-see’ policy, procedures solely performed through
transanal endoscopic microsurgery, and patients without informa-
tion on date of surgery, mortality or location of the primary tumour
were excluded (n=3), consistent with previous studies [12]. An addi-
tional eight patients were excluded due to double registration in the
DCRA with no possibility to identify the correct patient. The med-
ical records of the remaining 1738 patients were reviewed using a
pre-defined structured form in the period April—October 2017. The
Medical Ethical Committee of the Leiden University Medical Centre
declared that no ethical approval was necessary for this type of study
under Dutch law and waived the need for informed written consent
from patients (P16.243).

Data collection
Information regarding case-mix variables for the included patients
were extracted from the DCRA database, which have been previ-
ously identified as important for patients’ outcomes and hospital
comparisons [12, 14, 15]. These involved gender, age, BMI, Charl-
son comorbidity index, American Society of Anaesthesiologists (ASA)
classification score, pathological tumour stage, presence of metasta-
sis (yes/no), preoperative tumour complications (yes/no), additional
resection for metastasis (yes/no), additional resection for locally
advanced tumour (yes/no), location of the primary tumour, urgency
(urgent versus emergent) and year of surgery. Preoperative tumour
complications include ileus, perforation, anaemia, abscess and other
preoperative tumour complications.

For the medical record data collection, patient identification num-
bers were provided to the participating hospitals by the trusted third
party organization of the DCRA. This way, medical records could
be reviewed without including identifying information in the data
collection to ensure patients anonymity. Data were collected by one
researcher on structural factors regarding preoperative, periopera-
tive and postoperative period for the hospital admissions in which the
colon tumour resection took place. Preoperative factors included type
of hospital referral, duration of symptoms (days) and preoperative
admission (days). Perioperative factors included surgeon specializa-
tion and working experience (years). Surgeon specialization was
defined as gastrointestinal (GI) and/or oncology, vascular, trauma,
lung or no specialization such as surgical resident or fellow, based
on information from the hospital and the Association of Surgeons
in the Netherlands. Other perioperative factors included amount of
blood loss (cc), duration of surgery (first surgical incision until final
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stitch) and operating room time (patient entering until leaving operat-
ing room). Postoperative factors included specialization of the ward,
ICU level and day of complication occurrence and performing rein-
tervention. ICU level in the Netherlands distinguishes three levels,
based on the available capacity, staffing and management [8] with
Level 1 (lowest) having intensivists available only during working
hours, providing a minimum of six beds and 2.7 FTE ICU nurses per
bed. Level 2 and 3 (highest) have 24 hour availability of intensivists,
providing a minimum of 12 beds and more ICU staffing.

Definitions
Outcomemeasures were mortality, severe complication and failure to
rescue. Mortality was defined as postoperative death in the hospital
during the same admission or within 30 days after resection. Severe
complication was defined as any postoperative complication leading
to a prolonged hospital stay of more than 14 days, a re-intervention
or mortality. FTR are those cases with a severe complication who die
during the same admission or within 30 days after resection. These
definitions are used nationwide in all hospitals and have also been
used in previous DCRA studies [8, 12, 14, 16, 17].

Initial data analysis
Initial data analysis was performed following the recommended three
main steps: data cleaning of inconsistencies and resolving if possible,
data screening of the data properties and reporting of the findings
[18]. The data cleaning involved univariate and multivariate checks
which identified 231 data entry errors. This corresponds to 0.2%
based on the total variables of interests. Of these, 204 entry errors
could be corrected and the remaining 27 entry errors were coded as
missing. The handling of the overall missing data is explained below.

Statistical analysis
First, outcomes and case-mix for patients from participating hos-
pitals (n=1738) were compared to those from non-participating
hospitals (n=3306), using X2 tests. Next, multiple imputation was
performed for the handling of missing data after assessing the miss-
ing value patterns. This assessment showed an arbitrary missing
value patterns and thus no obstacles for using multiple imputa-
tion. The fully conditional specification (MCMC [Markov Chain
Monte Carlo]) was used for data imputation, meaning that all inde-
pendent variables were included and/or used as predictor with the
total number of imputations set at 100. This created 100 datasets,
or simulations, which were pooled to obtain one average value to
be included in the analysis. In addition, predictive mean matching
was used to ensure that the imputed value was within the range
of the available data. After finalizing the multiple imputations, we
compared the imputed data with the non-imputed data for means,
standard deviations, minimum and maximum values to assess
potential differences.

To answer the research question, univariate logistic regression
analysis was first performed to examine which case-mix factors and
preoperative, perioperative and postoperative variables regarding
the organization of care were associated with the outcomes. All
variables with a P-value below 0.05 were included in the multi-
variate analysis to examine independent effects of variables adjusted
for case-mix. For the multivariate models, goodness of fit was
assessed with C-statistics by calculating the area under the curve.
This was done for all 100 datasets after which the mean value
was calculated. Univariate and multivariate analyses were also per-
formed for cases with complete (non-missing) information to assess
whether our handling of missing data has affected the results. All
data handling and analyses were carried out in IBM SPSS statistics
version 23.

Table 1 Patient characteristics and outcomes for emergency colon cancer patients treated in participating versus non-participating hospitals

Total (n=5044)
Non-participating
hospitals (n=3306)

Participating hospitals
(n=1738) Sign

Outcomes and patient characteristics n % n % n % P

Mortality rate 387 7.7 256 7.7 131 7.5 0.794
Severe complication rate 1467 29.1 921 27.9 546 31.4 0.008
Failure to rescue rate 387 26.4 256 27.8 131 24.0 0.110

Case-mix n % n % n % P
Gender Male 2558 50.7 1656 50.1 902 51.9

Female 2485 49.3 1649 49.9 836 48.1 0.226
Age (years) ≤60 900 17.8 588 17.8 312 18.0

61–70 1461 29.0 960 29.0 501 28.8
71–80 1547 30.7 1030 31.2 517 29.7
≥81 1135 22.5 727 22.0 408 23.5 0.596

BMI <18.5 157 3.5 112 3.7 45 3.0
18.5–25 2202 49.0 1467 48.9 735 49.3
25–30 1549 34.5 1027 34.2 522 35.0
30+ 585 13.0 397 13.2 188 12.6 0.581

Charlson
comorbidity
index

Charlson score 0 2605 51.6 1705 51.6 900 51.8

Charlson score 1 1156 22.9 778 23.5 378 21.7
Charlson score 2+ 1283 25.4 823 24.9 460 26.5 0.259

ASA score I–II 3156 62.7 2032 61.6 1124 64.7
III 1608 31.9 1059 32.1 549 31.6
IV–V 273 5.4 209 6.3 64 3.7 0.001

Continued.
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Table 1 (Continued)

Total (n=5044)
Non-participating
hospitals (n=3306)

Participating hospitals
(n=1738) Sign

Outcomes and patient characteristics n % n % n % P

Tumour stage Stage X 24 0.5 18 0.5 6 0.3
Stage 0–1 44 0.9 30 0.9 14 0.8
Stage 2 212 4.2 130 3.9 82 4.7
Stage 3 3088 61.2 1985 60.0 1103 63.5
Stage 4 1676 33.2 1143 34.6 533 30.7 0.038

Metastasis No 3801 75.4 2490 75.3 1311 75.4
Yes 1243 24.6 816 24.7 427 24.6 0.929

Pre-operative No 440 8.7 278 8.4 162 9.3
tumour Yes 4604 91.3 3028 91.6 1576 90.7 0.275
complications Perforation 496 11.2 337 11.4 159 10.7

Ileus 3508 76.9 2319 77.1 1189 76.7
Abscess 167 3.8 110 3.7 57 3.8
Anaemia 331 7.4 194 6.6 137 9.1
Other 316 7.1 221 7.4 95 6.3

Additional No 4824 95.6 3156 95.5 1668 96.0
resection for Yes 220 4.4 150 4.5 70 4.0 0.400
metastasis

Additional No 4316 85.6 2835 85.8 1481 85.2
resection for Yes 728 14.4 471 14.2 257 14.8 0.604
locally advanced
tumour

Location primary Caecum 866 17.2 543 16.4 323 18.6
tumour Appendix 46 0.9 30 0.9 16 0.9

Ascending colon 675 13.4 439 13.3 236 13.6
Hepatic flexure 311 6.2 194 5.9 117 6.7
Transverse colon 466 9.2 303 9.2 163 9.4
Splenic flexure 309 6.1 210 6.4 99 5.7
Descending colon 477 9.5 319 9.6 158 9.1
Sigmoid colon 1894 37.5 1268 38.4 626 36.0 0.385

Type of procedure Ileocecal resection 122 2.4 73 2.2 49 2.8
Right hemicolectomy 2002 39.7 1280 38.7 722 41.5
Transverse colectomy 128 2.5 85 2.6 43 2.5
Left hemicolectomy 806 16.0 557 16.8 249 14.3
Sigmoid colectomy/low
anterior resection

1746 34.6 1167 35.3 579 33.3

Subtotal colectomy 180 3.6 112 3.4 68 3.9
Other 60 1.2 32 1.0 28 1.6 0.022

Year of surgery 2012 1361 27.0 894 27.0 467 26.9
2013 1290 25.6 838 25.3 452 26.0
2014 1246 24.7 810 24.5 436 25.1
2015 1147 22.7 764 23.1 383 22.0 0.816

Urgency of
surgery

Urgent 2323 46.1 1519 45.9 804 46.3

Emergent 2721 53.9 1787 54.1 934 53.7 0.832

Bold value: p ≤ 0.05.

Results

Patient characteristics
A total of 1738 patients were included in the analysis of whom
131 patients (7.5%) died during the hospital admission or within

30 days after resection. In 546 patients (31.4%), a severe compli-

cation was observed and 131 of these patients (24%) died after a
severe complication (Table 1). When comparing outcomes in patients
between participating and non-participating hospitals, we found a
significantly higher severe complication rate among patients in par-

ticipating hospitals, but except for a higher rate of neurological com-

plications (2.8% in participating versus 1.4% in non-participating

hospitals, P<0.001)), there were no significant differences in others
types such as pulmonary or cardiac complications (data not shown).
With respect to case-mix, we found patients in participating hospitals
more frequently to have lower ASA score, less advanced tumour stage
and differences in types of surgical procedure performed (Table 1).

Independent risk factors
Table 2 shows the structural factors significantly associated with the
outcomes in univariate analysis and subsequently included in the
multivariate analysis. In multivariate analysis, a higher mortality risk
was found for patients not operated by a GI or oncology specialized
surgeon (OR 2.28, 95% CI 1.23–4.23) and patients not staying on
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a specialized ward (OR 2.25, 95% CI 1.46–3.47). Having surgery
on Tuesday (OR 2.82, 95% CI 1.24–6.40) significantly elevated
the mortality risk, whereas weekend surgery was not independently
associated with increased mortality.

For severe complications, similar independent risk factors were
found (Table 2). Increased risk on severe complications was found
for patients not operated by a GI or oncology specialized surgeon
(OR 1.61, 95% CI 1.08–2.39) and for patients operated on Tuesday
(OR 1.77, 95% CI 1.19–2.65). Also, duration of stay in the operat-
ing room was significantly associated with increased risk on severe
complication (OR 1.03, 95% CI 1.01–1.06). However, severe com-
plication risk was lower for patients operated in hospitals with the
lowest ICU level (OR 0.75, 95% CI 0.42–1.00).

Higher FTR risk was found for patients who did not stay on a
specialized ward postoperatively (OR 2.39, 95% CI 1.52–3.75).

Sensitivity analysis
The complete case analysis showed similar results with estimates
going in the same direction but with wider confidence intervals
reflecting less power due to fewer included patients (data not shown).
The only differences were that in addition higher blood loss was sig-
nificantly associated with mortality (OR 1.00, 95% CI 1.00–1.00),
while surgery on Tuesday was no longer significantly associated
(OR 6.55, 95% CI 0.41–104.79), and that surgery on Thursday was
now also significantly associated with increased severe complication
risk (OR 3.64, 95% CI 1.08–12.19). Also, lower severe complica-
tion risk for patients operated in hospitals with the lowest ICU level
became non-significant (OR 1.04, 95% CI 0.45–2.41)

Discussion

The current study set out to further investigate whether we could
identify more specific structural factors, related to the organization of
care, that increase risks on mortality, severe complication and FTR in
emergency colon cancer surgery. The results showed non-specialized
operating surgeon as well as recovery on a non-specialized postoper-
ative ward for GI oncology, operating room time and day of surgery
were independent risks factors for mortality, severe complications
and FTR. Patients treated in hospitals with the lowest ICU level on
average had a lower severe complication risk.

Some of these results are consistent with those found in other
studies. Our findings suggest worse outcomes in mortality and severe
complications when not operated by a GI or oncology specialized sur-
geon. The association between surgeon specialization and outcomes
in colorectal cancer surgery has been studied before [19–23], with
findings showing better outcomes in favour of specialized surgeons
[20–23]. Due to their specialized surgical training, these surgeons
have more extensive expertise regarding pathology, surgical tech-
niques, oncological and complication treatment possibilities, which
makes them the preferred surgeon for colon cancer surgery. Our
current findings also showed operating room time (the total time a
patients spends in the operating room from entering until leaving) to
be associated with increased severe complication risk. Previous stud-
ies showed prolonged surgery to be associated with complications
such as surgical site infections [24]. In the current study the actual
surgery time (i.e. from start incision to closing) was not associated
with complications. This could point to factors possibly prior and
shortly after surgery that might be associated with increased severe
complication risk. Whether these are factors related to the complex-

ity of the severe condition which are not included in the case-mix
or related to organization of care are currently unclear and warrant
further investigation.

Postoperative stay on specialized wards, for example in stroke
patients, showed that dedicated wards can provide organized and
multidisciplinary care resulting in beneficial effects on patient out-
comes [25]. For colorectal cancer patients, a specialized ward could
likewise improve outcomes as the care is more centred and specific
complications can be recognized earlier, particularly if these do not
occur frequently or are specific for this type of surgery, but this
has not been shown previously. It is important to note that hos-
pitals without such a specialized ward will not automatically have
worse outcomes as the majority of those hospitals also have special-
ized surgeons and nurses on the wards, but potentially not to the
same extent (e.g. 24/7) as on a specialized ward. General hospitals
could be too small to establish separate specialized wards. In addi-
tion, we registered the ward on which the patient stayed the majority
of the time even though a patient may have stayed on a different
(specialized) ward for part of their stay. As a result, the total num-
ber of patients staying on a specialized ward, irrespective of transfers
between wards, might have been higher.

The results regarding ICU level are less straightforward. ICU-level
classification in the Netherlands is based on the available capacity,
staffing and management [8]. ICU Level 1 provides basic IC care,
whereas Level 3 ICU is better suited to deliver more complex care
for severely ill patients. The lowest ICU level has previously been
found to be associated with a higher risk on FTR [8] in contrast to
the current study where we found no significant association between
ICU level and FTR. Instead, we found a significantly lower severe
complication risk among patients treated in ICU Level 1 hospitals.
One of the explanations is that this is a selection of less complex
patients that was not captured by our case-mix and other organiza-
tional variables. If these patients were for instance in a better health
status when admitted for emergency colon cancer surgery, this could
result in lower severe complication risks.

In contrast to previous results including all Dutch hospitals [12],
we did not find worse outcomes after weekend surgery in the current
study. This may be partly explained by the fact that our study pop-
ulation seemed healthier than patients from non-participating hospi-
tals, reflected in lower ASA score and less advanced tumour stage.
However, the fact that our study population showed higher severe
complication rates compared to the non-participating hospitals does
not point in that direction. Moreover, our results showed worse out-
comes for patients operated earlier in the week after adjustment for
the specific organizational factors not included in the previous study.
For these patients, the weekend can still be a critical period as anas-
tomotic leakage, a common and dreadful complication, is frequently
discovered on postoperative days 5–8 [26]. This could mean that the
higher risk on mortality and FTR after surgery on Tuesday reflects
complications such as anastomotic leakage occurring in the weekend.
However, recognition of complications and surgical reintervention
during weekends was not independently associated with a higher
risk on mortality or FTR. This is in contrast with previous research
showing that weekends increased the risk for delay in surgical rein-
tervention for anastomotic leakage [27]. It thus remains unclear how
to interpret the worse outcomes seen after surgery on Tuesday in the
present study. Also, the wide confidence intervals seen in the mortal-
ity risk after surgery on Tuesday should be taken into consideration
when interpreting the results, which could mean only a slight increase
in risk.
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The findings that a non-specialized surgeon and non-specialized
postoperative ward for GI oncology are associated with worse out-
comes might suggest the establishment a dedicated team of healthcare
professionals for patients with colon cancer. But this finding should
be interpreted in the context that patients from the current study
population were operated in an emergency setting, which might be
the biggest risk factor of all. Therefore, preventing patients being
operated in an emergency setting is likely far more important. One
way to achieve this is the early detection of colon cancer by screen-
ing programmes, as implemented in 2014 in the Netherlands [28].
This could help diagnosing colorectal cancer sooner and decrease the
future number of emergent surgeries for some patient groups. How-
ever, the screening programme only includes people aged between
55 and 75 years [28], which stresses the importance to still carefully
monitor patients not included in the screening.

The strength of this study lies in collecting detailed data about the
organization and processes of care and their association with patient
outcomes, which could help to reduce risks and improve the quality
of care. Unfortunately, this study also has its limitations. The main
limitation is the completeness of (electronic) medical records with
potentially some information not documented because it was not rec-
ognized as relevant or forgotten. The electronic patient record system
varied across participating hospitals, with some hospitals only hav-
ing paper records, particularly in the early years, and some hospitals
being in the process of switching to electronic records. This may have
affected the completeness of data and the extent of missing data for
some variables. However, with the availability of techniques such as
multiple imputations, missing data nowadays is less of a problem in
terms of resulting in bias, and the complete case analysis gave similar
results. Another limitationmay be that only one individual researcher
reviewed the medical records, which could result in the possibility of
errors in the reviewing process being overlooked and therefore main-
tained across the whole data collection. On the other hand, having
one researcher also means that the data collection is consistently exe-
cuted in the same way. A final limitation is the fact that this study
was not able to include all the hospitals in the Netherlands. Only a
selection of hospitals agreed to participate, which could influence the
generalizability of the results.

Conclusion

This study found that surgeon and ward specialization, duration
of surgery and day of surgery were independently associated with
increased mortality, severe complication and FTR in patients under-
going emergency colon cancer surgery. This might give inputs on
how to organize colon cancer care to improve patient outcomes and
quality of care. Still, being operated in an emergency setting in itself
increases the risk for worse outcomes, making it a priority to prevent
surgeries becoming emergent in the first place.
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